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(57) ABSTRACT

A transmission device includes an optical amplifier to
amplify an optical main signal to be transmitted on an optical
transmission path; a first controller to stop output of the
optical amplifier and output of an optical monitor signal to be
transmitted on the optical transmission path when a failure of
the optical transmission path is detected; a second controller
to be switched from the first controller and to operate and stop
the output of the optical amplifier and the output of the optical
monitor signal when the failure of the optical transmission
pathis detected; an optical monitor signal transceiver to trans-
mit and receive the optical monitor signal including control
information; and a switch to switch an operation from the first
controller to the second controller, based on information of
the failure of the optical transmission path based on the states
of transmission and reception of the optical monitor signal.
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FIG. 6

FIRST STATION (OTHER STATION)

SECOND STATION (HOME STATION)

NORMAL OPERATION

DETECT LOSS OF SIGNAL (LOS)
INDICATING REDUCTION IN OPTICAL
INPUT POWER OF MAIN SIGNAL
AND SIGNAL (Rx_Err) INDICATING
ERROR OF RECEPTION FORMAT
OF OPTICAL MONITOR SIGNAL

v 8601
STOP OPTICAL OUTPUT POWER
OF OPTICAL AMPLIFIERS AND
TRANSMIT APSD REQUEST SIGNAL
RECEIVE APSD REQUEST SIGNAL (APSD_Tx) TO FIRST STATION
(APSD_Rx) FROM SECOND STATION 5502
AND STOP OPTICAL OUTPUT
POWER OF OPTICAL AMPLIFIERS
5603 RECOVERY FROM
FAILURE OF
__| OPTICAL FIBER
RECEIVE INFORMATION
INDICATING RECOVERY OF
RECEPTION FORMAT OF
OPTICAL MONITOR SIGNAL
5604
CANCEL TRANSMISSION OF
APSD REQUEST SIGNAL (APSD_Tx)
CANCEL RECEPTION OF APSD TO FIRST STATION AND START
REQUEST SIGNAL (APSD_Rx) / OUTPUTTING MAIN SIGNAL
FROM SECOND STATION AND TO FIRST STATION
START QUTPUTTING MAIN SIGNAL 5605
TO SECOND STATION
5606
NORMAL OPERATION NORMAL OPERATION

US 9,100,118 B2
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FIG. 7

OPTICAL
FIBER FOR RECEPTION
BY HOME STATION IS
DISCONNECTED?

NO

S701

OPTICAL
FIBER FOR TRANSMISSION
TO OTHER STATION IS

DETECT LOSS OF SIGNAL (LOS)
INDICATING REDUCTION IN OPTICAL
INPUT POWER OF MAIN SIGNAL AND

?
SIGNAL (Rx_Err) INDICATING ERROR OF DISCONECTED
RECEPTION FORMAT OF S707
OPTICAL MONITOR SIGNAL YES
\/\ S702

STOP OPTICAL QUTPUT POWER OF OPTICAL | | RECEIVE APSD REQUEST SIGNAL
AMPLIFIERS AND TRANSMIT APSD REQUEST | | (APSD_Rx) FROM QTHER STATION
SIGNAL (APSD_Tx) TO OTHER STATION AND STOP OPTICAL OUTPUT

Trargy . LPOWER OF OPTICAL ANPLIFERS
\s708

OPTICAL
FIBER FOR RECEPTION
BY HOME STATION IS
CONNECTED?

OPTICAL
FIBER FOR TRANSMISSION
TO OTHER STATION IS
CONNECTED?

S704

$709
VES
RECOVER RECEPTION FORMAT OF OPTICAL | [ CANCEL RECEPTION OF APSD
MONITOR SIGNAL OF HOME STATION REQUEST SIGNAL (APSD Rx)
- FROM OTHER STATION AND
S705 START OUTPUTTING MAIN
CANCEL TRANSMISSION OF APSD REQUEST | L__SIGNAL TO OTHER STATION
SIGNAL (APSD.Tx) TO OTHER STATION 5710
AND START QUTPUTTING MAIN SIGNAL
5706

END
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FIG. 9
FIRST STATION (OTHER STATION) SECOND STATION (HOME STATION)
RECEIVE PROGRAM TO
NORMAL OPERATION BE UPDATED FROM MCU
5901
OUTPUT UPGRD_ACT =1
TO APSD SWITCH
‘5902
TRANSMIT UPDATE START
RECEIVE UPDATESTART | | SIGNAL (UPGRD_ACT_Tx=1)
SIGNAL (UPGRD_ACT_Rx=1) TO FIRST STATION
FROM SECOND STATION -
- S903
904

CAUSE APSD SWITCH TO OUTPUT
APSD_ACT=1 AND SWITCH TO

CAUSE APSD SWITCH TO OUTPUT
APSD_ACT=1 AND SWITCH TO

SECOND APSD CONTROLLER SECOND APSD CONTROLLER
\5905b \ 59054
UPDATE CONTROL PROGRAM
\ 5906

COMPLETE ACTIVATION OF
CONTROL PROGRAM AND OUTPUT
UPGRD_ACT=0TO APSD SWITCH

‘5907

TRANSMIT UPDATE COMPLETION
SIGNAL (UPGRD_ACT _Tx=0)

RECEIVE UPDATE COMPLETION
SIGNAL (UPGRD_ACT Rx=0) ) TO FIRST STATION
FROM SECOND STATION \5908
3909
CAUSE APSD SWITCH TO CAUSE APSD SWITCH TO
OUTPUT APSD ACT=0 AND SWITCH| |OQUTPUT APSD_ACT =0 AND SWITCH
TO FIRST APSD CONTROLLER TO FIRST APSD CONTROLLER
\5910b \5910a
NORMAL OPERATION NORMAL OPERATION
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FIG. 11
FIRSTSTATION(0THER STATION SECOND STATION[HOME STATION)
| NORUAL CPERATION | /L R 0 PO I |
51104 3?12)21 OUTPUT PGRO_ACT = 1 TORPSDSHITCH |
v
RECENEUPDATESTART@L | {TRARGHTUFOATESTRRT L UPER0 A0 Tv="TOFRGTSTATON]
(UPGRD ACT Be=1|ROMSECOND STATON 511052 ] ~~51103
v
- CRUSERPSD SWITCHTO OUTPUT AFSD ACT=1
“~s1105p | UPDATE CONTAOL PROGRAN |
311067~ OCCURRENCEOF
-- -~ FALURE OF OPTICAL FBER

| DETECTLOGS OF SIGAL L05) NDICKTIVG REDUCTION N OPTICL
S1107 INPLT POWER OF HAIN SIGNAL AND SIGNAL Ry Er) NDICATING
51109 ERROR OF RECEPTION FORMAJ’ OF OPTICAL HONITOR SIGNAL

DE[ECTLOSSOFSGNAL(LOS)INDCATINGREDUCTIONINOPTCAL}/ S10F GPTIGAL OVTELT POWER 0 OFTIGAL AWPLFERS D

NPT PONER OF AN SGAAL YD SGHAL o Er NOICATIG STOP QUTPUTTING OPTICAL KONITOR SIGNAL TO FIRST STATION

ERROR OF RECEPTION FORM&T OF OPTICAL HONITOR SIGNAL ~ 31108
STOP OPTICAL OUTPUT POKER OF OPTICAL ANPLIFIERS AND
STOP OUTPUTTING OPTICAL MONTOR SIGNAL TO SECON STATION ==y == COMPLETION OF UPDATE

COMPLETE ACTIVATION OF CONTROL PROGRAN
st 1 4D OTPUT UPGRD ACT=0TOAPSD SHTCH
S1111 T

CRUSEAPS) SHTCATO OO D ACT=1
S1112~ 30D SHTCHTO PR 425D CONTRLLER

]
81113~ START QUTPUTTING OPTICAL MONITOR SIGNAL T0 FIRST STATION
(WHILE STOPPING OPTICAL QUTPUT POWER OF QPTICAL AMPLIFIERS)

W
TRANGHT UPDATE COMPLETION STGNL (UPGRD_ACT Tx=(]
51115 I/ AND APSD REQUEST SIGNAL (APSD Ty} TO FRT STATION

L RECOVER RECEPTION FORVAT OF PTICAL MONTOR SIGNAL RS 1114

]
RECENE POATE COWPLETION L UPBROLACT R
ANDAPSD REQUESTSGUAL 50 R)FROWSECOND Sy [~ S 1116

v
CASEAPSD SHTCHT0 CUTPUT APSD AT =1
AND SHITCHTO FIRST APSD CONTRALLER —~S1117

v
START OUTPUTTING OPTICAL HONITOR SIGNAL TO SECOND STATION RECOVERY FROM
IWHILE S7OPPING OPTICAL OUTPUT PONER OF ORTICAL ANPLIFERS) \81 119 - ==~ FALURE OF GPTICAL FIBER
. 51118 RECOVER RECEPTION FORMAT OF OPTICAL MONTOR SIGWAL |

¥
CANCEL TRANGHISSION OF APSD REQUEST SIGNAL (APSD_T] TOFRST
~S1121 I/ STATION AND START OUTPUTTING AN SIGNAL TO FRST STATION

CANCEL RECEPTION OF APED REQUEST SIGNAL (APSD. Rs) FROMSECOND ~ 31120
STATION AND START OUTPUWING\IMAIN SIGNAL TO SECOND STATION

| NORMAL OPERATION | | NORIAL OPERATION |
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FIG. 12
FIRST STATION (0THER STATION) SECOND STATION (OE STATION)
| NORHAL OPERATION |/|J e EPROGHAI 0 FOTE RN |
51904 3?12%21 OUTPUT PG ACT = [TOAPSD ST |
v
RECEIVF UPDATE START STG\NXL /I TRANSHT UPDATE START SIGNAL [UPGRD_ACT Tx=1)T0 FRST STATION]
(UPGRD ACT =1, FROMSECOID STATION 512053 l ~~51203
]
n - CRUSEAPED SHTCHTO QUTPUT APSD ACT =1
prasar il i et A HTCHTOEOND D ORI
“~g1205p | UPDATE CONTROL PROGRA |
12067 OCCURRENCEOF
-- == FALURE 0F OPTCAL FBER

DETECT L0SS OF SIGNAL [LOS) NDICATING REDUCTION I OPTICAL
S1207-71  1PUT POWER OF AN SIGHAL AND SIGNAL R En) INDICATING
ERROR OF RECEPTIONFORMAJ,OFOPTICAL HONITOR SIGNAL

$1209
/-\_/
n TOP OPTIGAL OUTPU" POWER OF OPTICAL APLITERG AID
DETECTLOSS OF SIGAL 05 NDCATIVG REDUCTIONIN OPTCAL 3
PITAUIER F VA0 A0 S I Er DT k STOP OUTPUTTING CTICALHONTOR SIGAL TO FRST STATON
ERROR 0F RECEPTION FORWAT OF QPTCAL KATOR Sl 51208
e RECOVER FROI
TP OPTICAL CUTPUT POWER O CPTCALAVPLFTERG D FALURE 0F PTICAL FBER
STOP OUTPUTTING CPTIGAL HONTOR SIGAL 70 SECORD STATON -~ == COWPETION OF POATE
1210 COUPLETE ACTIATION OF CONTROLPROGRAN

B AND QUTPUT UPGRD_ACT=0T0 APSD SWITCH
51211 v

TR0 SR 0 QP AT =0
$1212~ DT e VROLER

CTART OUTPUTING CPTICALWOTTOR SVALTO FIRGT STATION
S1213~1 ({HLETORRIG OFTICAL OLTPLT POWER OF GPTCAL APUFERY)

v
TRANCHIT UPDATE COWPLETION SIGRAL JUPGRD_ACT =[]
51215 / AND APSD REQUEST SIGNAL (APSD T TOFIRST STATION

| RECOVER RECZPTION FORMAT OF QPTICAL MONTOR SIGHAL — 31214

v
RECEVE UPDATE COMPLETI)NSCNAL UPRDACT Ro=1)
ANDAPEDREQUET AL 4P R ROMSEEDNDSmon_ [~ 51216

v
CAUSE APSD SWTCH 10 OUTRUT APSDACT=0
AND SHITCHTO FIRST 4PSD CONTRALLER 351217
]

START OUTPUTTING OPTICAL MONITOR SIGNAL T0 SECOND STATION
(KHILE STOPPING OPTICAL OUTPUT POWER OF ORTICAL AWPLIFIERS) \151219w\

M 31918 RECOVER RECEPTION FORKAT OF OPTIGAL HONTOR IGHA. |

¥
CANCEL TRANGHISSION OF APSD REQUEST SIGNAL (AP3D_T] TO FRGT
~51221 }/ STATION AND START OUTPUTTING WAIN SIGNAL TO FRST STATION

CANCEL RECEPTION OF PSD REQLUEST STDNAL (473D FROW SECORD
STATIONAND START QUTRUTTNG \IPIJIAINS\GNALTOSECOND STATION 81220

| NORMAL OPERATION | | NORMAL OPERATION |
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Sheet 14 of 25

SECOND STATION (HOME STATION)

| RECENVE PROGRAN TO BE UPDATED FROMMCU

| NORWAL OPERATION |

]
| OUTPUTUPGRD_AGT=1T0 APSD SWITCA

81401

51402 51404

']
| TRANSHT UPDATE START SIGNAL (UPGRD_ACT T=1)T0 SECOND STATION I\

RECEIE UPDATE START S/GNAL

$1405b ) ~~51403

(UPGRD_ACT Ry=1) FROMFRST STATIC

CAUSE APSD SWITCH TO OUTPUT APSD ACT=1

v
CAUSE APSD SWITCHTO QUTPUT APSD_ACT=1

AND SWITCHTO SECOﬁD APSD CONTROLLER

AND SHITCHTO SECOND APSD CONTROLLER

| UPDATE CONTROL PROGRAM

| 51

1050 OCCURRENCE (F

51406~

51407 —
51400

7= = FALLURE OF OPTICAL FIBER

DETECT LSS OF SIGNAL (LOS) INDICATING REDUCTION N OPTICAL
INPUT POWER OF MAIN SIGNAL AND SIGNAL (Ry_ Er) INDICATING
ERROR OF RECEPTION FORM&T OF OPTICAL HONITOR SIGNAL

DETECT LOSS OF SIGNAL (LOS) INDICATING REDUCTION IN OPTICAL
INPUT POWER OF MAN SIGNAL AND SIGNAL (Rx_Er) INDICATING

g

STOP OPTICAL OUTPUT POWER O OPTICAL AWPLIFIERS AND
STOP QUTPUTTING OPTICAL MOKITOR SIGNAL TO FIRST STATION

\'\81408

ERROR OF RECEPTION FORM!{IT/ OF OPTICAL MONTOR SIGNAL

STOP OPTICAL OUTPUT POWER OF OPTIGAL AVPLIFIERS AND
STOP QUTPUTTING OPTICAL MONITOR SIGNAL TO SECOND STATION

51410

- === COMPLETION OF UPDATE

COMPLETE ACTIVATION OF CONTROL PROGRAM
AND QUTPUT UPGRD_AGT=(T0 APSD SWITCH

51411

v
CAUSE APSD SWITCATO OUTPUT APSD ACT=(
AND SWITCHTO FIR%ITI APSD CONTROLLER

START QUTPUTTING OPTICAL MONITOR SIGNAL TO SECOND STATION
(WHILE STOPPING OPTICAL QUTPUT POWER OF OPTICAL AMPIFIERS)

]
TRANSHIT UPDATE COMPLETION SIGNAL (UPGRD ACT Tx=0)

51412

51413

RECOVERY FROM

AND APSD REQUEST SIGNAL (APSD_T)TO SECORD STATION

S1415 7=~ FALLURE OF OPTICAL FIBER

RS1414

51416

S1417 ——

RECOVER RECEPTION FORMAT OF OPTICAL WONTOR 3IGHAL |

RECEIVE UPDATE COP_ETION SIGNAL (UPGRD ACT Rx=()
AND APSD REQUEST SIGNAL 4°30_Ru) FROMFIRST STATION

v
CAUSE APSD SWITCHTO QUTPUT APSD ACT =0
AND SWITCHTO FIRST APSD CONTROLLER

v
START QUTPUTTING OPTICAL MONITOR SIGNAL TO FRST STATION

~S51419 I‘/ IWHILE STOPRING OPTICAL QLUTPJT POWER OF ORTICAL ANPLIFIRS)
I RECO\/ERRECEPTIONFORMAL OF OPTICAL HONTOR SIGNAL “s1418
CANCEL TRANGHIGSION OF APSD REQUEST SIGRAL (APSD_T/ O SECOND
STATION AND START OUTPUTTING AN SIGNAL TO SECOND STATION 51421

\\81420

CANCEL RECEPTION OF APSD REQUEST SIGNAL (APSD.Ry) FROM FIRST
STATION AND START OUTPUTTIN\(EI WAIN SIGNAL TO FRST STATICN

\

NORAL OPERATION |

| NORMAL CPERATION
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1G. 15

START

| RECEIVE PROGRAM TO BE UPDATED FROM MCU 51501

]
| OUTPUT UPGRD_ACT=1 FROM DEVICE MONITOR INTERFACE TO APSD SWITCH 51502

vy
TRANSMIT UPDATE START SIGNAL (UPGRD_ACT Tx=1) FROM 31503
HOME STATION TO OTHER STATION USING OPTICAL MONITOR SIGNAL ™~

¥
| RECEIVE UPDATE START SIGNAL (UPGRD_ACT Rx=1) BY SECOND STATION 51504

vy
CAUSE APSD SWITCHES TO OUTPUT APSD_ACT=1AND SWITCHTO

SECOND APSD CONTROLLERS N HOVE STATION AND OTHER STATION 51505

| UPDATE CONTROL PROGRAM 51506

51507

OPTICAL FIBER FOR

NO

RECEPTION BY HOME STATION
15 DISCONNECTED?

YEs 51508

DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Em) INDICATING
ERROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY HOME STATION

v ~81509
STOP OPTICAL OUTPUT POWER OF OPTICAL
AMPLIFIERS AND STOP OUTPUTTING OPTICAL
MONITOR SIGNAL TO OTHER STATION

v ~S1510
DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Err) INDICATING
FRROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY OTHER STATION

V51511

STOP OPTICAL OUTPUT POWER OF OPTICAL
AMPLIFIER AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL FROM OTHER STATION

TRANSMISSION TO OTHER STATION
IS DISCONNECTED?

51514

DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Er) INDICATING
ERROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY OTHER STATION

v ~_S1515

STOP OPTICAL OUTPUT POWER OF OPTICAL

AMPLIFIER AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL FROM OTHER STATION

v ~S1516
DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Err) INDICATING
FRROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY HOME STATION

v ~_S1517

STOP OPTICAL OUTPUT POWER OF OPTICAL
AMPLIFIERS AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL TO OTHER STATION

v ~_51512

COMPLETE UPDATE OF CONTROL PROGRAM |

END
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FIG. 16

[ INFORM MCU OF COMPLETION OF ACTIVATION OF CONTROL PROGRAM |~ $1601
v
OUTPUT UPGRD_ACT = 0 FROM DEVICE
MONITOR INTERFACE TO APSD SWITCH 51602
v
CAUSE APSD SWITCH OF HOME STATION TO OUTPUT 1603
APSD. ACT=0 AND SWITCH TO FIRST APSD CONTROLLER
v
START OUTPUTTING OPTICAL MONITOR SIGNAL TO OTHER STATION S1604
(WHILE STOPPING OPTICAL OUTPUT POWER OF OPTICAL AMPLIFIERS) [

TRANSMIT UPDATE COMPLETION SIGNAL (UPGRD_ACT_Tx=0)
AND APSD REQUEST SIGNAL (APSD_Tx) TO OTHER STATION 51605

OPTICAL FIBER »1606
FOR TRANSMISSION TO OTHER STATION IS
CONNECTED?

YES E 1607
| RECOVER RECEPTION FORMAT OF OPTICAL MONITOR SIGNAL OF OTHER STATION |
Vv

RECEIVE UPDATE COMPLETION SIGNAL (UPGRD_ACT_Rx=0) 31608
AND APSD REQUEST SIGNAL (APSD_Rx) BY OTHER STATION [~
v
CAUSE APSD SWITCH TO OUTPUT APSD_ACT =0 AND 31609
SWITCH TO FIRST APSD CONTROLLER IN OTHER STATION [~

START OUTPUTTING OPTICAL MONITOR SIGNAL FROM OTHER STATION |~ 51610
(WHILE STOPPING OPTICAL OUTPUT POWER OF OPTICAL AMPLIFIERS)

OPTICAL FIBER S1611
FOR RECEPTION BY HOME STATION IS
CONNECTED?

YES 51612
—

| RECOVER RECEPTION FORMAT OF OPTICAL MONITOR SIGNAL OF HOME STATION |
v

CANCEL TRANSMISSION OF APSD REQUEST SIGNAL (APSD Tx) TOOTHER |- g1613
STATION AND START OUTPUTTINC\SVI\/IAIN SIGNAL TO OTHER STATION

CANCEL RECEPTION OF APSD REQUEST SIGNAL (APSD Rx) BY OTHER | 51414
STATION AND START QUTPUTTING MAIN SIGNAL TO HOME STATION

END
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FIG. 20
FIRST STATION (OTHER STATION) SECOND STATION (HOKE STATION)
| NORMAL(\)EERATION | /{ CONTROLLER S OUT OF ORDRR |
[ DT VIO SRR AT O SECOD STATON 52002 52001
" $2003a. .
STOP OUTPLT OF PULSE OUTPLT UNT AND DETECT ARNORWALITY OF 0UTPUT OF PULSE OUTPUT UNIT
SHITCH 70 SECOND APSD CONTROLLER AND SHTCH TO SECOND APSD CONTROLLER
OCCURRENCE OF
R32003b - === FALURE OF OPTICAL FIBER
DETECTLOSS OF SIGNAL (L0S) NDICATING REDUCTION N OPTICAL
S2004-71 " INAUT POWER OF AN SIGNAL AND SIGAL (R Zm) NDICATING
ERROR OF RECEPTION FORMAJOFOPTICALMONITORSIGNAL
L e
DETECT L0SS OF S/GNAL {L08) NDICATING REDUCTION N OPTICAL / “ .
INPUT POWER OF NAIN SIGNAL AND SIGHAL (R Z INDICATING $2005
ERROR OF RECEPTIONFORMATOFOPTICALMONITORD\GNAL
STOP OPTIGAL OUTPUT PO EROFOPTICAL PLFERSAND
TP QUTRUTTING OPTICAL MONTOR 5 GNAL TO SECOND STATION Eﬁé‘ékilfgﬁ%ﬁﬂ%%lw
52007 === TORESET CONTROLLER

CONPLETE ACTIVATION OF CONTROL PROGRAN AND CAUSE PULSE OUTPUT
52008 1 [\ AND CONTROL INFORMATIONTRANSCEIVER TO START OPERATING
v

DETECT NORAL OUTPUT OF PULGE OUTPUT UNT
52009~ A SHTCHTO FRST APSD CONTROLLER

]
START OUTPUTING CPTICALVONTOR SGHAL TO IR STATION
S2010 1" \HLE STOPPING OPTICAL OLTPLT POWER OF OPTICAL AWPLIFERG)

v
| TRANGHIT APSD REQUEST SIGNAL (APSD_ T TO FIRST STATION |

52012
~ R
[ RECOVER RECEPTION FORVAT OF OPTICAL WONTOR S GNAL / S2011

v
DETECT RESTORAT OY OF CONTROL F S2COID STATION
D RECENE APSD REQUEST SIGMAL [4P3D R 52013
v

DETECT QUTPUT OF RESTARTED PULSE OUTPUT UNIT 32014
AND SWITCHTO FIRST APSD CONTROLLER

v
START OUTPUTTING OPTICAL HONTOR SIGNAL TO SECOND STATION RECOVERY FROM
WHLE STORPING OPTICAL OUTPUT POWER OF PTICAL AMPLIFIERS) \3201 6 - ==~ FALURE (F OPTICAL FIBER
\8201 5 RECOVERRECEPTIONFORMALOFOPTICALMONITORSIGNAL |

CANCEL TRENSHASSION OF APSD REQUEST SIGNAL (&PSD Ty TO FRGT
~52018 / STATION AND START OUTPUTTING M SIGNAL TO FIRST STATION

ANCEL RECEFTION OF APSD REQUEST STGRAL AP0 R FROMSECOID
SHTOINDSTAR OTATGIANSBIA TOECOD T 82017

| NORMAL QPERATION | | NORVAL OPERATION |
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FIG. 21
FRSTSTATION (JTHER STATION
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SECOND STATION (HOME STATION

| CONTROLLER 5 OUT OF ORDER }\l NCRVAL OPERATION |
/_/ . v
52101 52102 DETECT OUT-OF-ORDER \ETATE OF FRST STATION |

DETECT ABNORMALITY OF OUTPUT OF PULSE QUTPUT UNIT
AND SWITCHTO SECOND APSD CONTROLLER

STOP QUTPUT OF PLLSE QUTPUT UNIT AND
SWITCH TO SECOND APSD CONTROLLER

H82103

§2104.—|  DETECTLOSS OF SIGRAL {L0S) INDICATING REDUCTION IN OPTICAL

— OCCURRENCEF
b $2103a -~~~ FALURE OF TP

INPUT POWER OF 1IN SIGNAL AND SIGNAL (R E| INCICATING
ERROR CF RECEPTION FORMf\J OF OPTICAL HONITOR SIGNAL

52106 STCP OPTICALOLTPUT POWER OF OPTICAL AVPLIFERS AD
DETECT LOSS OF SIGHAL LS NDIGATING REDUCTION  OPTCAL STOP OUTPUTT NG OPTICAL HONTOR SIGNAL TOFRST STATION
IVPUT POWER OF A SGHAL A SIGHAL (Ro Erd NDICATNG 10
SRR FECETONF AT (TR
STOP GPTIGAL CUTPUT POWER OF OPTICAL AVPLITERS AD
STOP OLTPUTTING CPTICAL LONTOR SIGHAL TOSECOID STy [~ S2107
COMPLETE UPDATE OF
“ROGRAN CR CAUSE Cu
-- -~ TO3ESET CONTROLLER
COVPLETE AN COVFELFRORMAOCAE ALE TP 59108
LT AN CONTROL INFCRYATION TRANSCENER T START GPERATIG
v
DETECTNORMEL CUTPUT OF PULSE OUTPUTUNT
D SHTCHTO PR AP0 CONTROLLER 52109
v
STIRTCUTEUTTNG CTOALIONTRSGIALTOSECODSTTON |- 41
AWHILE STOPING CFTICAL O.TPLT FOWEROF QBTICAL AVPLIFERS) CECOUER FROH
¥ $2112 == FALURE OF OFTICAL FBER
Q N
L TAEMT D REQUESTS'GNAL(APSD-TX)TOSE@STATON RECOVER RECEPTION FORVET OF OPTICAL HONTORSIGNEL |
52111

v
82113 DETECT RESTORATION OF CONTROL OF FRST STATION

82114 — DETECT QUTPUT OF RESTARTED PULSE OUTPUT UNIT

AND RECEIVE APSD REQUEST SIGHAL (4°SD.Ry)
v

AND SWITCHTO FIRST APSD CONTROLLER
v
START QUTPUTTING CPTICAL MONTOR SIGNAL TO FIRST STATION

| RECOVER RECEFTION FORMALOF OPTICAL MONITOR SIGNAL

~52116 I‘/ (WHILE STOPPING OPTICA. OUTPUT POWER OF OPTICAL AWPLIFIERS)

R82115

CANCEL TRANSHISSION OF APSD REQUEST SIGNAL (APSD_Tv) TOSECOND
STATICN AND START QUTPUTTING MAIN SIGNAL TO SECOND STATION

RS2117

52118
\4 CANCELRECEPTIN OF AP FECUEST UL DR FROVFRST
STHTOUAD TR OTIGIANAGUL TOET T

I NORAL OPERATION

| | NORHAL OPERATION |
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FIG. 22
| CONTROLLER OF HOME STATION IS OUT OF ORDER 52201
| DETECT OUT-OF-ORDER STATE OF\|I/-IOME STATION BY OTHER STATION 52202
[ STOP OUTPUT OF PULSE OUTPUT UNIT AN\IE) SWITCH TO SECONDAPSD CONTROLLER |~ 52203

52204

OPTICAL FIBER FOR

NO

RECEPTION BY HOME STATION
|5 DISCONNECTED?

YEs 52205

DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Err) INDICATING
ERROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY HOME STATION

v 52206

STOP OPTICAL OUTPUT POWER OF OPTICAL
AMPLIFIERS AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL TO OTHER STATION

v ~~82207

DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Err) INDICATING
ERROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY OTHER STATION

v ~-52208

STOP OPTICAL OUTPUT POWER OF OPTIGAL
AMPLIFIER AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL FROM OTHER STATION

52210
OPTIGAL FIBER FOR
TRANSMISSION TO OTHER STATION
IS DISCONNECTED?

YES /\152211

DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Er) INDICATING
ERROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY OTHER STATION

v ~52212

STOP OPTICAL OUTPUT POWER OF OPTICAL

AMPLIFIER AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL FROM OTHER STATION

V52213

DETECT LOSS OF SIGNAL (LOS) INDICATING
REDUCTION IN OPTICAL INPUT POWER OF
MAIN SIGNAL AND SIGNAL (Rx_Err) INDICATING
ERROR OF RECEPTION FORMAT OF OPTICAL
MONITOR SIGNAL BY HOME STATION

v 52214

STOP OPTICAL OUTPUT POWER OF OPTICAL
AMPLIFIERS AND STOP QUTPUTTING OPTICAL
MONITOR SIGNAL TO OTHER STATION

v ~~52209

NO

| COMPLETE UPDATE OF CONTROL PROGRAM OR CAUSE MCU TO RESET CONTROLLER

END
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FIG. 23

COMPLETE ACTIVATION OF CONTROL PROGRAM AND
CAUSE PULSE OUTPUT UNIT AND CONTROL I~ $2301
INFORMATION TRANSCEIVER TO START OPERATING

7

DETECT NORMAL OUTPUT OF PULSE OUTPUT UNIT
AND SWITGH TO FIRST APSD CONTROLLER - 52302

7

START OUTPUTTING OPTICAL MONITOR SIGNAL
FROM HOME STATION TO OTHER STATION I~ $2303
(WHILE STOPPING OPTICAL OUTPUT POWER OF OPTICAL AMPLIFIERS)

| TRANSMIT APSD REQUEST SIGNAL (APSD_Tx) TO OTHER STATION [~ S2304

OPTICAL FIBER $2305
FOR TRANSMISSION TO OTHER STATION 1S
CONNECTED?

YES E2306
| RECOVER RECEPTION FORMAT OF OPTICAL MONITOR SIGNAL OF OTHER STATION |
]

DETECT RESTORATION OF CONTROL OF HOME STATION AND 52307
RECEIVE APSD REQUEST SIGNAL (APSD_Rx) BY OTHERSTATION [ ™~
v
DETECT OUTPUT OF RESTARTED PULSE OUTPUT UNIT AND $2308
SWITCH TO FIRST APSD CONTROLLER BY OTHER STATION B

START QUTPUTTING OPTICAL MONITOR SIGNAL FROM OTHER STATION | _ 52309
(WHILE STOPPING OPTICAL QUTPUT POWER OF OPTICAL AMPLIFIERS)

52311
/—/

| RECOVER RECEPTION FORMAT OF OPTICAL MONITOR SIGNAL OF HOME STATION |
]
CANCEL TRANSMISSION OF APSD REQUEST SIGNAL (APSD _Tx) TO OTHER | _ 59319
STATION AND START OUTPUTTING MAIN SIGNAL TO OTHER STATION
]
CANCEL RECEPTION OF APSD REQUEST SIGNAL (APSD Rx)BY OTHER | 59343
STATION AND START QUTPUTTING MAIN SIGNAL TO HOME STATION

END
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1
TRANSMISSION DEVICE AND
TRANSMISSION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
244837, filed on Nov. 6, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a trans-
mission device and a transmission system that handle a failure
of a transmission path when a control program of the trans-
mission device is updated and the transmission device is out
of order.

BACKGROUND

There are optical transmission systems as signal transmis-
sion systems, for example. Among the optical transmission
systems, there is a wavelength division multiplexing (WDM)
optical transmission system in which a signal is transmitted
using an optical signal with a plurality of wavelengths. In an
optical transmission system such as the WDM optical trans-
mission system, an optical fiber is used as a transmission path,
and multiple transfer devices (relay devices) that amplify
optical power of an optical signal transmitted through the
optical fiber are arranged in the middle of the transmission
path and relay the optical signal at multiple stages. Long-
distance transmission is achieved at low cost by using the
optical transmission system such as the WDM optical trans-
mission system.

A transmission device includes an optical amplifier for
supplying pump light to an erbium-doped fiber (EDF) and an
optical amplifier for executing Raman amplification or ampli-
fying the power of the optical signal by supplying laser light
for Raman amplification to the laid optical fiber that is used as
an amplification medium.

In the optical transmission system, if a failure such as
release of an optical fiber connector located near the trans-
mission device or a disconnection of the laid optical fiber
occurs, the optical signal may leak from a location at which
the failure occurs. In order to minimize an impact, caused by
the leakage of the optical signal from the location of the
failure of the optical fiber, on a person in charge of mainte-
nance, an optical transmission system that has an automatic
power shutdown (APSD) control function of stopping optical
output power of an optical amplifier has been proposed (refer
to, for example, Japanese Laid-open Patent Publication No.
2002-77056).

In addition, a technique for executing control during the
update of a control program of an optical amplifier has been
proposed (refer to, for example, Japanese Laid-open Patent
Publication No. 2007-220977). According to the technique,
during the normal execution of the program, an amplification
controller controls an LD driving current and controls ampli-
fication of optical power of an optical signal (optical main
signal). During the update of the program, the optical ampli-
fication is executed by outputting a data signal of a D/A
converter from a latch IC so as to cause the LD driving current
determined before the update to be output and maintaining
the LD driving current at a fixed value. The controller has a
function of detecting optical input power. When a detected
signal of the optical input power becomes 0 during the update
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of the program of the amplification controller, the amplifica-
tion controller stops the optical amplification.

With the aforementioned configuration, the optical ampli-
fication is continuously executed with the LD driving current
maintained at the fixed value during the update of the program
of'the amplification controller and may be stopped if a failure
occurs in the optical fiber.

SUMMARY

According to an aspect of the invention, a transmission
device includes an optical amplifier configured to amplify an
optical main signal to be transmitted on an optical transmis-
sion path; a first controller configured to stop output of the
optical amplifier and output of an optical monitor signal to be
transmitted on the optical transmission path when a failure of
the optical transmission path is detected; a second controller
configured to be switched from the first controller and con-
figured to operate and stop the output of the optical amplifier
and the output of the optical monitor signal when the failure
of the optical transmission path is detected; an optical moni-
tor signal transceiver configured to transmit and receive the
optical monitor signal including control information; and a
switch configured to switch an operation from the first con-
troller to the second controller, based on information of the
failure of the optical transmission path based on the states of
transmission and reception of the optical monitor signal.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11is ablock diagram illustrating a transmission device
according to the first embodiment;

FIG. 2 is a diagram illustrating an example of an internal
configuration of a first APSD controller;

FIG. 3 is a diagram illustrating an example of an internal
configuration of an APSD switch;

FIG. 4 is a diagram illustrating an example of an internal
configuration of a second APSD controller;

FIG. 5 is a diagram illustrating a state in which a failure
occurs in a downstream optical fiber during normal opera-
tions of the first APSD controllers of the transmission
devices;

FIG. 6 is a sequence diagram illustrating operations of a
home station and operations of another station if the failure
illustrated in FIG. 5 occurs;

FIG. 71s atflowchart of a process that is executed before and
after a failure occurs during a normal operation of the home
station;

FIG. 8 is a diagram illustrating a state in which a program
of a controller of the home station is updated;

FIG. 9 is a sequence diagram illustrating operations of the
controller of the home station and operations ofa controller of
the other station upon the update, described with reference to
FIG. 8, of the program of the home station;

FIG. 10 is a diagram illustrating a state in which a failure
occurs in the downstream optical fiber when the controller of
the transmission device of the home station updates the pro-
gram;

FIG. 11is asequence diagram illustrating a first example of
operations of the home station and operations of the other
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station if a failure occurs during the update, described with
reference to FIG. 9, of the program;

FIG. 12 is a sequence diagram illustrating a second
example of operations of the home station and operations of
the other station if a failure occurs during the update,
described with reference to FIG. 9, of the program;

FIG. 13 is a diagram illustrating a state in which a failure
occurs in the downstream optical fiber when the controller of
the transmission device of the other station updates the pro-
gram;

FIG. 14 is a sequence diagram describing a process of
detecting a failure of the downstream optical fiber and restor-
ing signal communication in the state illustrated in FIG. 13;

FIG. 15 is a flowchart of a process that is executed if a
failure occurs during the update of the control program
according to the first embodiment;

FIG. 16 is a flowchart of a process that is executed after
restoration from a failure according to the first embodiment;

FIG. 17 is a block diagram illustrating the transmission
device according to the second embodiment;

FIG. 18 is a diagram illustrating an example of an internal
configuration of the first APSD controller;

FIG. 19 is a diagram illustrating an example of an internal
configuration of the second APSD controller;

FIG. 20 is a sequence diagram illustrating an example of
operations of the home station and operations of the other
station if a failure occurs during the time when the home
station is out of order;

FIG. 21 is a sequence diagram illustrating an example of
operations of the home station and operations of the other
station if a failure occurs during the time when the other
station is out of order;

FIG. 22 is a flowchart of a process that is executed if a
failure occurs during the time when the home station is out of
order according to the second embodiment;

FIG. 23 is a flowchart of a process that is executed after
restoration from a failure according to the second embodi-
ment;

FIG. 24 is a block diagram illustrating the transmission
device according to the third embodiment; and

FIG. 25 is a block diagram illustrating the transmission
device according to the fourth embodiment.

DESCRIPTION OF EMBODIMENTS

It is considered that the conventional techniques has the
following problems. During the update of a control program
of'ahome station, control information may not be transmitted
and received between the home station and another station
through an optical transmission path. In addition, the APSD
control function that is included in a controller does not
operate. It takes a time of several seconds to several hundreds
of seconds to update the program of the controller. Thus,
leakage of an optical signal from a location at which a failure
occurs in an optical fiber is not stopped within a time defined
by a safety standard and may become a risk to a person in
charge of maintenance.

Specifically, even if the optical fiber is disconnected during
a process of updating the program of the home station, the
disconnection may not be detected. Thus, the home station
may not inform the other station located on the upstream side
of information of the disconnection of the optical fiber
through the optical transmission path. Thus, the upstream-
side other station may not determine that the optical fiber is
disconnected between transmission devices.

In addition, it is assumed that a failure occurs in a down-
stream optical fiber when the other station updates a program
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of a controller of an optical amplifier. Based on this assump-
tion, an APSD controller that is included in a controller of an
optical amplifier of the home station located on the down-
stream side of the optical transmission path detects the occur-
rence of the failure of the optical fiber, stops the optical output
power of the optical amplifier, and outputs an APSD request
signal to the other station. In this case, since the program of
the controller of the other station is out of order, the other
station may not receive the APSD request signal and stop the
optical output power of an optical amplifier.

A configuration for detecting a reduction in optical input
power and stopping optical amplification is considered. If a
failure of the downstream optical fiber is detected and the
optical amplification is to be stopped, the output of the optical
power from the optical amplifier of the home station to the
upstream side is stopped, and the optical input power of the
optical main signal of the other station becomes 0. Thus, the
output of the optical power from the optical amplifier of the
other station to the downstream side may be stopped.

However, after that, even when the optical fiber is restored
from the failure, the optical amplifiers of the home station and
other station stop the optical output power, optical power
input to the home station and other station is 0, and the home
station and the other station determine the failure of the opti-
cal fiber. In order to restore communication of the optical
main signal, an operator confirms a connection of the optical
fiber, and a procedure of starting control of the optical ampli-
fication is executed. Thus, the operator performs a cumber-
some task. When the control of the optical amplification is
erroneously started during a disconnection of the optical
fiber, a person in charge of maintenance, who performs a
restoration task, may be irradiated with optical power leaking
from a location of the failure.

In addition, the following configuration is considered: a
redundant configuration in which a plurality of controllers
that have the same control program are arranged and one of
the controllers operates during the update of the control pro-
gram of the other controller. Since the plurality of controllers
are arranged, the control programs are updated for the plural-
ity of controllers, an implementation area increases, and a
device is large and expensive.

The control information is transmitted and received
between the home station and the other station by using an
optical monitor signal that is different from the optical main
signal on the optical transmission path. It may be considered
that the optical monitor signal is not output to the other station
during the update of the program of the home station. If the
optical monitor signal is not output during the update of the
program, the output of the optical monitor signal is stopped
regardless of whether or not the optical fiber is disconnected,
and the optical main signal is blocked for each time when the
program is updated. Thus, this control may not be used.

A transmission device and a transmission system that make
it possible that a disconnection of an optical fiber is detected
and the optical fiber is restored in a safe and simple manner
even when a program of a controller is updated and the
controller is out of order, are provided.

Hereinafter, the embodiments of a technique disclosed
herein are descried in detail with reference to the accompa-
nying drawings. In the embodiments, control that corre-
sponds to the following items A to C is executed.

A: During the update of a program of a controller (and when
the controller is out of order)

A-1: When afailure such as a disconnection of a fiber does not
occur, normal transmission is ensured and transmission of an
optical main signal on an optical transmission path is ensured.
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A-2: If a failure such as a disconnection of the fiber occurs,
optical amplification (pump light) is immediately turned off.
B: Time other than the time when the program is updated
B-1: When a failure such as a disconnection of the fiber does
not occur, the normal transmission is ensured and transmis-
sion of the optical main signal is ensured.

B-2: If a failure such as a disconnection of the fiber occurs,
supply of the pump light is immediately stopped and the
optical amplification is stopped.

C: After restoration from a failure such as a disconnection of
the fiber

C-1: If the program is currently updated, a process of updat-
ing the program is completed, a connection is confirmed by
the optical monitor signal, and the optical amplification is
turned on after the confirmation.

C-2: If the program is not currently updated, the connection is
immediately confirmed by the optical monitor signal and the
optical amplification is started.

In the embodiments, even if the optical fiber is discon-
nected when the controller that is included in a transmission
device is out of order due to the update of the program of the
controller or the like, the failure of the optical fiber is detected
by the aforementioned control and an inexpensive and simple
configuration. An impact on a person in charge of mainte-
nance due to leakage of an optical signal from a location at
which a failure occurs in the optical fiber is minimized by
quickly stopping outputting optical power. In addition, after
the optical fiber is restored from the failure and the controller
restarts normally operating, communication of the optical
monitor signal and the optical main signal is automatically
restored, and whereby a task for the restoration from the
failure is easily performed and an optical signal is inhibited
from leaking to an operator who performs the task for the
restoration from the failure.

First Embodiment

FIG. 11is ablock diagram illustrating a transmission device
according to the first embodiment. The transmission device
100 illustrated in FIG. 1 is an erbium doped fiber amplifier
(EDFA) that has optical amplifiers 111 and 121 that each uses
an erbium doped fiber (EDF).

The transmission devices 100 are arranged on an optical
transmission path (optical fiber) 101 and have a function of a
relay that amplifies a transmission signal (optical main sig-
nal) on the optical fiber 101. The transmission device 100
includes a receiving unit 102, a transmitting unit 103, and a
device control unit 104.

The receiving unit 102 includes the optical amplifier 111,
an optical monitor signal receiver 112, and an optical monitor
signal splitter 113. The optical amplifier 111 amplifies the
downstream optical main signal transmitted through the opti-
cal fiber 101. The optical monitor signal receiver 112 extracts
a monitor signal from the optical monitor signal transmitted
through the optical fiber 101 and receives the monitor signal.
The optical monitor signal splitter 113 isolates the optical
monitor signal and causes the optical monitor signal to propa-
gate from the optical fiber 101 to the optical monitor signal
receiver 112.

The transmitting unit 103 includes the optical amplifier
121, an optical monitor signal transmitter 122, and an optical
monitor signal coupler 123. The optical amplifier 121 ampli-
fies the upstream optical main signal and outputs the ampli-
fied optical main signal to the optical fiber 101. The optical
monitor signal transmitter 122 transmits the optical monitor
signal with the monitor signal. The optical monitor signal
coupler 123 isolates the optical monitor signal and causes the
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optical monitor signal to propagate from the optical monitor
signal transmitter 122 to the optical fiber 101.

The device control unit 104 includes a framer 131, a con-
troller 132, a processor (micro controller unit (MCU)) 133, a
memory 134, and a second controller (second APSD control-
ler 135) that is arranged outside the controller 132.

The framer 131 includes a receiver 141 and a transmitter
142. The receiver 141 converts the optical monitor signal
received by the optical monitor signal receiver 112 into
received data. The transmitter 142 converts data to be trans-
mitted as the monitor signal into the monitor signal and out-
puts the monitor signal to the optical monitor signal transmit-
ter 122. The optical monitor signal received by the optical
monitor signal receiver 112 and the optical monitor signal
transmitted by the optical monitor signal transmitter 122 are
transmitted and received to and from another station (another
transmission device 100) located on the upstream side of the
downstream optical transmission path 101.

In the following description, the other station (opposing
station) indicates the other transmission device 100 located
adjacent to the transmission device 100 on the upstream side
of the downstream optical transmission path 101.

The framer 131 uses, for example, a packet over SONET
framer by which data received and to be transmitted are stored
in a SONET frame, and thereby generates a signal to be
transmitted and received for the monitor signal to be trans-
mitted. If the signal received from the optical monitor signal
receiver 112 does not have a frame added thereto, or the
format of the signal has an error, the receiver 141 outputs a
format error signal (Rx_Err) indicating the error of the
received signal.

The controller 132 includes a control information trans-
ceiver 151, a first controller (first APSD controller) 152, an
amplification control interface (I/F) 153, and a device moni-
tor interface (I/F) 154, and an APSD switch 155.

The control information transceiver 151 functions as an
interface with the framer 131 and transmits and receives the
monitor signal with control information to and from the other
station. The control information transceiver 151 includes a
receiver 161 for receiving the monitor signal and a transmitter
162 for transmitting the monitor signal. The monitor signal
includes information that is used to calculate target optical
output power (such as operating wavelength numbers of the
optical amplifiers 111 and 121) of the optical amplifiers 111
and 121. In addition, the monitor signal includes APSD
request information that is used to quickly stop the optical
output power of the optical amplifiers 111 and 121 arranged
on the optical fiber 101. Thus, the monitor signal is used to
control the optical amplifiers 111 and 121.

The amplification control I/F 153 functions as an interface
with the optical amplifiers 111 and 121. The amplification
control I/F 153 sets the target optical output power in the
optical amplifiers 111 and 121 on the basis of the control
information. The device monitor I/'F 154 functions as an
interface with the MCU 133 for monitoring and controlling
the transmission device 100. The device monitor I/F 154 is the
interface with the MCU 133 for monitoring and controlling
the transmission device 100 and may inform the MCU 133 of
the state of control of the transmission device 100.

When detecting an error of an APSD request signal
(APSD_Rx) included in the monitor signal and errors, caused
by a failure of the optical fiber or the like, of the optical main
signal and monitor signal, the first APSD controller 152 pro-
vides a request to stop the optical output power of the optical
amplifiers 111 and 121. In this case, the first APSD controller
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152 informs the MCU 133 for monitoring and controlling the
transmission device 100 of the state of the control of the
transmission device 100.

The MCU 133 controls the transmission device 100. The
memory 134 stores the control program of the controller 132.
The MCU 133 reads the control program to be updated from
the memory 134 in order to update the control program of the
controller 132 and updates the control program of the con-
troller 132 (first APSD controller 152).

In order to update the control program installed in the
controller 132 of the transmission device 100 for the purpose
of improving a function of the transmission device 100, the
memory 134 receives the control program from the MCU 133
for controlling the transmission device 100 and stores the
received control program. After that, the memory 134
receives a request from the MCU 133 and the control program
installed in the controller 132 is rewritten.

The optical amplifier 111 includes an optical input monitor
171, an optical output monitor 172, an EDF 173, a pump LD
module 174, an EDF pump LD driver 175, an amplification
controller 176, PDa 171a and 172a and couplers 177a to
177c.

A partofthe optical signal input to the optical amplifier 111
is branched by the coupler 177a and detected by the PD 171a.
The optical power of the detected signal part is monitored by
the optical input monitor 171. A part of the optical signal to be
output from the optical amplifier 111 is branched by the
coupler 177¢ and detected by the PD 172a. The optical power
of the detected signal part is monitored by the optical output
monitor 172.

The EDF 173 amplifies the optical main signal on the
optical fiber 101. The pump LD module 174 supplies pump
light to the EDF 173 through the coupler 1775. The EDF
pump LD driver 175 drives the pump LD module 174 and
controls the power of the pump light. The amplification con-
troller 176 controls the power of the pump light so as to cause
the power of the pump light to be equal to the target optical
output power received from the controller 132 on the basis of
the optical power monitored by the optical input monitor 171
and the optical power monitored by the optical output monitor
172. When the optical input power of the optical main signal
is lower than predetermined optical power such as power
detected when the optical fiber 101 is disconnected, the
amplification controller 176 determines an increase in a loss
in the optical fiber 101 and outputs a loss of signal (LOS). The
loss of signal (LOS) indicates a reduction in the optical input
power of the optical main signal.

Although the optical amplifier 111 that is arranged on the
downstream optical transmission path (optical fiber) 101 is
described above, the upstream optical amplifier 121 has the
same configuration as the optical amplifier 111.

The second APSD controller 135 is arranged outside the
controller 132 and operates as an alternative of the first APSD
controller 152 arranged in the controller 132. The second
APSD controller 135 operates when the controller 132 of the
transmission device 100 is out of order. The APSD switch 155
outputs a switch signal (APSD_ACT=1) to the second APSD
controller 135 when the APSD request signal (APSD_Tx,
APSD_Rx) that is included in the monitor signal may not be
transmitted and received. Thus, the second APSD controller
135 operates the alternative of the first APSD controller 152
arranged in the controller 132.

The state in which the controller 132 is out of order means
a state during a time period from the time when the control
program of the controller 132 starts to be updated to the time
when the controller 132 restarts operating after the update.
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The controller 132 receives an update start signal
(UPGRD_ACT) from the MCU 133 and updates the control
program of the controller 132.

FIG. 2 is a diagram illustrating an example of an internal
configuration of the first APSD controller. The first APSD
controller 152 includes a logical product (AND) circuit 201
and a logical sum (OR) circuit 202. The loss of signal that
indicates a reduction in the optical input power of the optical
main signal is input to the AND circuit 201 from the optical
amplifier 111. The reception format error signal (Rx_Err) is
input to the AND circuit 201 from the framer 131. The AND
circuit 201 outputs a logical product of the loss of signal and
the reception format error signal (Rx_FErr) to the OR circuit
202 and outputs the APSD request signal (APSD_Tx) to the
control information transceiver 151. The logical product is
input to the OR circuit 202 from the AND circuit 201. The
APSD request signal (APSD_Rx) is input to the OR circuit
202 from the control information transceiver 151. The OR
circuit 202 outputs a logical sum of the logical product and the
APSD request signal (APSD_Rx) as a SHUT signal to stop
the optical output power to the optical amplifiers 111 and 121.

The first APSD controller 152 operates on the basis of the
switch signal (APSD_ACT) output by the APSD switch 155.
When the operation of the first APSD controller 152 is valid
(EN/XDIS=1), the first APSD controller 152 detects the
occurrence of a failure of the optical fiber 101 on the basis of
the loss of signal (LOS) indicating a reduction in the optical
input power of the optical main signal and the reception
format error signal (Rx_Err) indicating the error, detected by
the framer 131, of the received signal. If the first APSD
controller 152 detects the occurrence of the failure of the
optical fiber 101 or receives the APSD request signal
(APSD_Rx) included in the monitor signal, the first APSD
controller 152 outputs the SHUT signal to stop the optical
output power of the optical amplifiers 111 and 121. If the first
APSD controller 152 detects the occurrence of the failure of
the optical fiber 101, the first APSD controller 152 transmits
the APSD request signal (APSD_TX) to the other station in
order to inhibit the optical output power from leaking from
the transmission device 100 of the opposing station (other
station). If the operation of the first APSD controller 152 is
invalid (EN/XDIS=0), the first APSD controller 152 does not
operate and output the APSD request signal (APSD_Tx) and
the SHUT signal.

FIG. 3 is a diagram illustrating an example of an internal
configuration of the APSD switch. The APSD switch 155
includes an OR circuit 301. The update start signal
(UPGRD_ACT) is input to the OR circuit 301 from the device
monitor interface 154. A signal (UPGRD_ACT_Rx) that
indicates the start of the update is input to the OR circuit 301
from the control information transceiver 151. The OR circuit
301 outputs a logical sum of the update start signal
(UPGRD_ACT) and the signal (UPGRD_ACT_RXx) to the
first APSD controller 152 and the second APSD controller
135. In addition, the OR circuit 301 outputs the update start
signal (UPGRD_ACT) as a signal (UPGRD_ACT_Tx) indi-
cating the start of the update to the control information trans-
ceiver 151.

When receiving the update start signal (UPGRD_ACT=1),
the APSD switch 155 outputs a signal (UPGRD_ACT_Tx=1)
indicating the start of the update to the transmission device
100 of the other station through the monitor signal. The APSD
switch 155 causes the operation of the first APSD controller
152 to be invalid and outputs the switch signal (APSD_
ACT=1) to switch the first APSD controller 152 to the second
APSD controller 135.

When the transmission device 100 of the other station
updates the control program and the signal (UPGRD_
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ACT_Rx=1) that indicates the start of the update is received
by the home station through the monitor signal, the APSD
switch 155 causes the operation of the first APSD controller
152 to be invalid and outputs the switch signal (APSD_
ACT=1) to switch the first APSD controller 152 to the second
APSD controller 135.

When the program of the controller 132 is completely
updated and is activated, a flag value of the signal
(UPGRD_ACT) that indicates the start of the update becomes
0. Thus, the APSD switch 155 outputs a signal (UPGRD_
ACT_Tx=0) indicating the completion of the update to the
transmission device 100 of the other station through the moni-
tor signal. In addition, the APSD switch 155 causes the opera-
tion of the second APSD controller 135 to be invalid and
outputs the signal (APSD_ACT=0) to cause the first APSD
controller 152 to be valid.

When the control program of the transmission device 100
of the other station is completely updated, the APSD switch
155 receives the signal (UPGRD_ACT_Rx=0) indicating the
completion of the update through the monitor signal. Thus,
the APSD switch 155 causes the operation of the second
APSD controller 135 to be invalid and outputs the signal
(APSD_ACT=0) to cause the first APSD controller 152 to be
valid.

FIG. 4 is a diagram illustrating an example of an internal
configuration of the second APSD controller. The second
APSD controller 135 includes AND circuits 401 and 402. The
loss of signal (LOS) that indicates a reduction in the optical
output power is input to the AND circuit 401 from the optical
amplifier 111. The reception format error signal (Rx_Err) is
input to the AND circuit 401 from the framer 131. The AND
circuit 401 outputs a logical product of the loss of signal
(LOS) and the reception format error signal (Rx_Err) to the
AND circuit 402 and outputs the SHUT signal to stop the
optical output power to the optical amplifiers 111 and 121.
The logical product is input to the AND circuit 402 from the
AND circuit 401. The switch signal (APSD_ACT) is input to
the AND circuit 402 from the APSD switch 155. The second
APSD controller 135 outputs, to the optical monitor signal
transmitter 122, a logical product of the logical product
received from the AND circuit 401 and the switch signal
(APSD_ACT) as an OSC_SHUT signal to stop the output of
the optical monitor signal to the transmission device 100 of
the other station.

Itis assumed that the second APSD controller 135 receives
the switch signal (APSD_ACT=1) from the APSD switch 155
arranged in the controller 132 and detects the loss of signal
(LOS) indicating a reduction in the optical output power of
the optical main signal and the reception format error signal
(Rx_Err) indicating the error, detected by the framer 131, of
the received signal. Based on this assumption, the second
APSD controller 135 outputs the SHUT signal to stop the
optical output power of the optical amplifiers 111 and 121 and
outputs the OSC_SHUT signal to stop the output of the opti-
cal monitor signal.

If afailure occurs in the optical fiber 101, the second APSD
controller 135 detects the loss of signal indicating a reduction
in the optical input power of the main signal and the reception
format error signal indicating the error of the monitor signal
and stops the optical output power of the optical amplifiers
111 and 121 and the output of the optical monitor signal to the
other station.

The transmission device 100 of the other station receives
the update start signal (UPGRD_ACT_Rx=1) through the
monitor signal, and the second APSD controller 135 operates
and thereby detects the loss of signal indicating the reduction
in the optical input power of the main signal and the reception
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format error signal indicating the error of the monitor signal.
Thus, the transmission device 100 of the other station may
stop the optical output power even during the update of the
control program of the transmission device 100 of the home
station.

When the second APSD controller 135 receives the switch
signal (APSD_ACT=0) from the APSD switch 155 after the
completion of the update of the control program of the con-
troller 132, the operation is switched from the second APSD
controller 135 to the first APSD controller 152. Since the
second APSD controller 135 receives the switch signal
(APSD_ACT=0), the second APSD controller 135 outputs an
output stop cancellation signal (OSC_SHUT=0) indicating
cancellation of the stop of the output of the optical monitor
signal and causes the other station to output the optical moni-
tor signal. In this case, the control of stopping the optical
output power of the optical amplifiers 111 and 121 is trans-
ferred to the first APSD controller 152. If the first APSD
controller 152 continuously detects the loss of signal (LOS)
indicating a reduction in the optical input power of the optical
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal, the first APSD
controller 152 outputs a signal (SHUT=1) to stop the optical
output power of the optical amplifiers 111 and 121. When the
transmission path is restored, the first APSD controller 152
outputs a stop cancellation signal (SHUT=0) indicating the
cancellation of the stop of the optical output power of the
optical amplifiers 111 and 121.

The first APSD controller 152 illustrated in FIG. 2 receives
the loss of signal (LOS) indicating a reduction in the optical
input power of the main signal from the optical amplifier 111.
The first APSD controller 152 receives the reception format
error signal (Rx_Err) indicating the error of the monitor sig-
nal from the framer 131. The first APSD controller 152 out-
puts, to the optical amplifiers 111 and 121, the output stop
signal (SHUT) that is a logical signal. The first APSD con-
troller 152 receives and outputs the APSD request signal
(APSD_Rx, APSD_Tx) from and to the control information
transceiver 151 that processes the control information of the
monitor signal. Thus, the first APSD controller 152 has an
advanced control function for the operation of the first APSD
controller 152.

The second APSD controller 135 (illustrated in FIG. 4) that
is arranged outside the controller 132 receives the loss of
signal (LOS) and the reception format error signal (Rx_Frr).
The second APSD controller 135 outputs the SHUT signal to
the optical amplifiers 111 and 121 and outputs, to the optical
monitor signal transmitter 122, the output stop signal
(OSC_SHUT) that is a logical signal. Thus, the second APSD
controller 135 may be configured with simple logical circuits
at low cost, compared with the first APSD controller 152.
Operations to be Executed if Failure Occurs in Optical Fiber
During Normal Operation

FIG. 5 is a diagram illustrating a state in which a failure
occurs in the downstream optical fiber during a normal opera-
tion of the controller of the transmission device. It is assumed
that the first station (other station) and the second station
(home station) normally operate and the first APSD control-
lers 152 operate. FIG. 5 illustrates the state in which the
failure such as a disconnection of the downstream optical
fiber 101 between the first station (other station) and the
second station (home station) occurs (at a location indicated
by reference numeral 501).

FIG. 6 is a sequence diagram illustrating operations of the
home station and operations of the other station if the failure
illustrated in FIG. 5 occurs. In the following description, a
symbol “_Tx” indicates a signal that is transmitted by a trans-
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mitter, and a symbol “_Rx” indicates a signal that is received
by areceiver. If symbols located in front of the symbols “_Tx”
and “ Rx” are the same, the signals are the same (for
example, the signals APSD_Tx and APSD_Rx are the same).

If the failure occurs at the location 501 of the optical fiber
101, the first APSD controller 152 of the controller 132 of the
second station detects the loss of signal (LOS) indicating a
reduction in the optical input power of the main signal and the
reception format error signal (Rx_Err) indicating the error of
the monitor signal (in operation S601). Then, the first APSD
controller 152 of the second station stops the optical output
power of the optical amplifiers 111 and 121 and transmits the
APSD request signal (APSD_Tx) to the first station (in opera-
tion S602).

The first APSD controller 152 of the first station receives
the APSD request signal (APSD_Rx) from the second station
and stops the optical output power of the optical amplifiers
111 and 121 (in operation S603). Since the first station stops
optical output to the optical fiber 101 in which the failure has
occurred, the optical power may be inhibited from leaking
from the location 501.

After that, when the optical fiber 101 is recovered from the
failure at the location 501, the second station receives infor-
mation indicating a recovery of the reception format of the
optical monitor signal (in operation S604). Thus, the first
APSD controller 152 of the second station cancels transmis-
sion of the APSD request signal (APSD_Tx) to the first sta-
tion (stops the transmission), starts outputting the optical
main signal to the first station (in operation S605), and returns
to the normal operation.

The first APSD controller 152 of the first station cancels the
reception ofthe APSD request signal (APSD_Rx) transmitted
by the second station, starts outputting the main signal to the
second station (in operation S606), and returns to the normal
operation.

FIG.71is aflowchart of a process that is executed before and
after a failure occurs during the normal operation of the home
station. FIG. 7 illustrates the process that is executed by the
first APSD controller 152 of the controller 132 of the home
station (second station illustrated in FIG. 5).

The first APSD controller 152 determines whether or not
the failure is a disconnection of the (downstream) optical fiber
101 for reception by the home station (in operation S701). If
the failure is the disconnection of the optical fiber 101 for
reception by the home station (Yes in operation S701), the
process proceeds to operation S702. If the failure is not the
disconnection of the optical fiber 101 for reception by the
home station (or is a disconnection of the optical fiber 101 for
transmission to the other station) (No in operation S701), the
process proceeds to operation S707.

The first APSD controller 152 detects the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal (in operation S702).
Thus, the first APSD controller 152 stops the optical output
power of the optical amplifiers 111 and 121 and transmits the
APSD request signal (APSD_Tx) to the other station (first
station illustrated in FIG. 5) (in operation S703).

After that, for recovery from the failure of the optical fiber
101, the first APSD controller 152 determines whether or not
the (downstream) optical fiber 101 for reception by the home
station is connected (in operation S704). If the optical fiber
101 for reception by the home station is not connected (No in
operation S704), the process returns to operation S703. If the
optical fiber 101 for reception by the home station is con-
nected (Yes in operation S704), the first APSD controller 152
receives information indicating a recovery of the reception
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format of the optical monitor signal in the home station (in
operation S705). Then, the first APSD controller 152 cancels
transmission of the APSD request signal (APSD_Tx) to the
other station and starts outputting the main signal to the other
station (in operation S706). Then, the process that is executed
for the failure is terminated.

The first APSD controller 152 determines whether or not
the (upstream) optical fiber 101 for transmission to the other
station is disconnected (or a failure occurs) (in operation
S707). If the optical fiber 101 for transmission to the other
station is disconnected (Yes in operation S707), the process
proceeds to operation S708. If the optical fiber 101 for trans-
mission to the other station is not disconnected (No in opera-
tion S707), the process is terminated.

The first APSD controller 152 receives the APSD request
signal (APSD_Rx) from the other station and stops the optical
output power of the optical amplifiers 111 and 121 (in opera-
tion S708).

After that, for recovery from the failure of the optical fiber
101, the first APSD controller 152 determines whether or not
the (upstream) optical fiber 101 for transmission to the other
station is connected (in operation S709). If the optical fiber
101 for transmission to the other station is not connected (No
in operation S709), the process returns to operation S708. If
the optical fiber 101 for transmission to the other station is
connected (Yes in operation S709), the first APSD controller
152 cancels reception of the APSD request signal (APSD_
Rx) from the other station and starts outputting the main
signal to the other station (in operation S710). Then, the
process that is executed for the failure is terminated.

As described above, during the normal operation of the first
APSD controller 152, the controller 132 of the home station
inhibits the optical signal from leaking upon a failure of the
(downstream) optical fiber 101 through which the home sta-
tion receives the optical signal and upon a failure of the
(upstream) optical fiber 101 through which the home station
transmits the optical signal.

Update of Program of Home Station

FIG. 8 is a diagram illustrating a state in which the program
of'the controller of the home station is updated. As illustrated
in FIG. 8, the second APSD controller 135 operates during the
update of the program of the home station (second station).
Since the connection of the optical fiber 101 between the
home station (second station) and the other station (first sta-
tion) is normal, APSD control is not executed.

FIG. 9 is a sequence diagram illustrating operations of the
controller 132 of the home station and operations of the
controller 132 of the other station upon the update (described
with reference to FIG. 8) of the program of the controller 132
of the home station. A process that is executed for a time
period from the start of the update of the control program of
the controller 132 of the home station (second station) to the
time when the first and second stations normally operate is
described below.

First, the controller 132 of the second station receives the
control program to be updated from the MCU 133 (in opera-
tion S901). When receiving a request to start the update from
the MCU 133, the controller 132 of the second station outputs
the update start signal (UPGRD_ACT=1) to the APSD switch
155 of the first station (in operation S902). Then, the control-
ler 132 of the second station transmits a signal (UPGRD_
ACT_Tx=1) indicating the start of the update to the first
station (in operation S903). Then, the controller 132 of the
first station receives the update start signal (UPGRD_
ACT_Rx=1) from the second station (in operation S904).

Since the controllers 132 of the first and second stations
receive the update start signal, the APSD switches 155 output
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the switch signal (APSD_ACT=1) so as to switch the opera-
tions from the first APSD controllers 152 to the second APSD
controllers 135 (in operations 905a and 9055).

After that, the MCU 133 of the second station updates the
control program (in operation S906). When the activation of
the control program updated in the second station is com-
pleted, the MCU 133 outputs an update completion signal
(UPGRD_ACT=0) to the APSD switch 155 (in operation
S907). Then, the controller 132 of the second station trans-
mits the signal (UPGRD_ACT_Tx=0) indicating the comple-
tion of the update to the first station (in operation S908).

Then, the first station receives the update completion signal
(UPGRD_ACT_Rx=0) from the second station (in operation
S909). Since the first and second stations each receives the
update completion signal, the APSD switches 155 output the
switch signal (APSD_ACT=0) and switch the operations
from the second APSD controllers 135 to the first APSD
controllers 152 (in operations S910a and S9105). After that,
the second station normally operates with the updated control
program.

Operations to be Executed if Failure Occurs in Optical Fiber
During Update of Program of Home Station

Next, operations that are executed if a failure occurs in the
optical fiber during the update of the control program of the
transmission device 100 of the home station (second station)
are described. During the update of the control program, the
controller 132 (the first APSD controller 152) of the home
station does not operate during the update of the control
program. In this state, if a failure such as a disconnection of
the optical fiber 101 occurs, the home station detects the
failure and executes the APSD control. After the execution of
the APSD control, the failure is recovered. After the recovery
from the failure, the signal communication of an optical trans-
mission system is automatically restored.

FIG. 10 is a state in which a failure occurs in the down-
stream optical fiber when the controller of the transmission
device of the home station updates the program. As illustrated
in FIG. 10, the second APSD controllers 135 of the first and
second stations operate. When detecting the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal, the second APSD
controllers 135 execute control so as to stop LD output (or
output of the SHUT signal) and execute control so as to stop
the output of the optical monitor signal (output of the
OSC_SHUT signal).

First Example of Operations to be Executed if Failure Occurs
in Optical Fiber During Update of Program of Home Station

FIG. 11 isasequence diagram illustrating a first example of
operations of the home station and operations of the other
station if a failure occurs in the optical fiber 101 during the
update (described with reference to FIG. 9) of the program. A
procedure of operations S1101 to S1106 from the reception of
the updated program by the controller 132 from the MCU 133
to the start of the update of the program is the same as the
procedure of operations S901 to S906 illustrated in FIG. 9.

If the failure occurs in the downstream optical fiber 101
during the update of the control program, the second APSD
controller 135 of the second station detects the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal and determines the
occurrence of the failure of the optical fiber 101 (in operation
S1107). Then, the second APSD controller 135 of the second
station outputs the SHUT signal to stop the optical output
power of the optical amplifiers 111 and 121 and outputs the
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OSC_SHUT signal to stop the output of the optical monitor
signal to the first station (in operation S1108).

The second APSD controller 135 of the first station detects
the loss of signal (LOS) indicating a reduction in the optical
input power of the main signal and the reception format error
signal (Rx_Err) indicating the error of the monitor signal (in
operation S1109). Then, the second APSD controller 135 of
the first station outputs the SHUT signal to stop the optical
output power of the optical amplifier 121 in order to inhibit
the optical power from leaking from the failure location 501
and outputs the OSC_SHUT signal to stop the output of the
optical monitor signal to the second station (in operation
S1110).

In the second station, when the activation of the updated
control program is completed, the MCU 133 outputs the
update completion signal (UPGRD_ACT=0) indicating the
completion of the update ofthe control program of the second
station to the APSD switch 155 (in operation S1111). The
APSD switch 155 receives the update completion signal,
thereby outputs the switch signal (APSD_ACT=0) so as to
switch the second APSD controller 135 to the first APSD
controller 152 and restores the control (in operation S1112).

When receiving the switch signal (APSD_ACT=0) from
the APSD switch 155, the second APSD controller 135 of the
second station outputs the output stop cancellation signal
(OSC_SHUT=0) indicating the cancellation of the stop ofthe
output of the optical monitor signal to the first station and
causes the optical monitor signal to be output. In this case, the
failure location 501 of the optical fiber 101 is yet to be
restored, the loss of signal (LOS) indicating the reduction in
the optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal are detected, and the optical output power of the
optical amplifiers 111 and 121 of the second station remains
stopped (in operation S1113).

After that, the control information transceiver 151 of the
controller 132 operates and transmits, to the first station, the
monitor signal with the signal (UPGRD_ACT_Tx=0) indi-
cating the completion of the update of the program of the
second station. Since the loss of signal (LOS) indicating the
reduction in the optical input power of the main signal and the
reception format error signal (Rx_Err) indicating the error of
the monitor signal are detected by the second station, the
control information transceiver 151 of the controller 132
transmits the APSD request signal (APSD_TXx) to the first
station (in operation S1114).

Thus, the upstream optical monitor signal is communi-
cated, and the reception of the reception format error signal
(Rx_Err) indicating the monitor signal is cancelled by the first
station (recovery of the reception format in operation S1115).
Then, the first station receives the update completion signal
(UPGRD_ACT_Rx=0) and the APSD request signal
(APSD_Rx) from the second station (in operation S1116).
Since the first station receives the update completion signal,
the APSD switch 155 outputs the switch signal (APSD_
ACT=0)so0 asto switch the second APSD controller 135 to the
first APSD controller 152 and restore the operation (in opera-
tion S1117). When receiving the switch signal (APSD_
ACT=0) from the APSD switch 155, the second APSD con-
troller 135 of the first station outputs the output stop cancel-
lation signal (OSC_SHUT=0) indicating the cancellation of
the stop of the output of the optical monitor signal to the
second station and causes the first station to start outputting
the optical monitor signal (in operation S1118). In this state,
the optical output power of the optical amplifier 121 remains
stopped.

When the downstream optical fiber 101 is recovered from
the failure at the location 501, the downstream optical moni-
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tor signal is communicated and the reception of the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal is cancelled by the second station (recovery of the
reception format in operation S1119).

After that, the second station cancels transmission of the
APSD request (APSD_Tx) to the first station and starts out-
putting the main signal to the first station (in operation
S1120). The first station cancels the reception of the APSD
request signal (APSD_Rx) from the second station and starts
outputting the main signal to the second station (in operation
S1121).

As described above, the APSD switch 155 switches
between the first APSD controller 152 and the second APSD
controller 135 on the basis of the state of the operation of the
controller 132. If a failure of the optical fiber 101 occurs
during the time when the first APSD controller 152 is out of
order due to the update of the control program or the like, the
second APSD controller 135 stops the optical output power of
the optical amplifiers 111 and 121. Thus, the optical signal
may be inhibited from leaking from the failure location 501 of
the optical fiber 101. In addition, after the control program is
activated after the restoration from the failure and the update
of the control program, the signal communication is auto-
matically restored after the recovery from the failure by
switching the second APSD controller 135 to the first APSD
controller 152. Thus, the signal communication may be auto-
matically restored in a safe manner without a cumbersome
task by an operator.

The process example described with reference to FIG. 11 is
the process of restoring the optical fiber 101 from the failure
at the location 501 of the optical fiber 101 during the update
of the control program of the controller 132 after the execu-
tion of the APSD control, the completion of the update of the
control program, and the activation of the control program. In
this example, a time period from the occurrence of the failure
of the optical fiber 101 to the recovery from the failure is
longer than a time period from the start of the update of the
control program to the activation of the control program.
However, ifa connector ofthe optical fiber 101 is released due
to a mistake by an operator of the transmission device 100 or
the like, and the connection of the optical fiber 101 is restored
immediately after the release, a time period from the release
of the connector at the failure location 501 to the restoration
of'the connection is approximately several seconds. Thus, the
optical fiber 101 may be restored from the failure within a
short time during the update of the control program.

Second Example of Operations to be Executed if Failure
Occurs in Optical Fiber During Update of Program of Home
Station

FIG. 12 is a sequence diagram illustrating an example of
operations of the home station and operations of the other
station if a failure occurs during the update (described with
reference to FIG. 9) of the control program. A process illus-
trated in FIG. 12 is different from the process illustrated in
FIG. 11 in that the downstream optical fiber 101 is restored
from the failure within a short time in the process illustrated
in FIG. 12. Operations S1201 to S1210 illustrated in FIG. 12
are the same as the operations S1101 to S1110 illustrated in
FIG. 11. Specifically, in operations S1201 to S1210, the con-
trol program to be updated is received from the MCU 133 and
starts to be updated, the failure of the optical fiber 101 occurs
after the start of the update, and the APSD control is executed.

As illustrated in FIG. 12, it is assumed that the optical fiber
101 is restored from the failure before the completion of the
update of the control program and the activation of the control
program.
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In this case, the controller 132 is not activated and the
second APSD controller 135 operates. In addition, the first
station stops outputting the main signal and the optical moni-
tor signal, and whereby the second station stops the optical
output power of the optical amplifiers 111 and 121 of the
second station and stops outputting the optical monitor signal,
as indicated by operation S1208.

After that, when the activation of the updated control pro-
gram is completed in the second station, the MCU 133 out-
puts the update completion signal (UPGRD_ACT=0) to the
APSD switch 155 in the second station (in operation S1211).
The APSD switch 155 receives the update completion signal,
thereby outputs the switch signal (APSD_ACT=0), and
switches the second APSD controller 135 to the first APSD
controller 152 so as to restore the operation (in operation
S$1212).

After that, the second APSD controller 135 of the second
station receives the switch signal (APSD_ACT=0) from the
APSD switch 155, outputs, to the first station, the output stop
cancellation signal (OSC_SHUT=0) indicating the cancella-
tion of the stop of the output of the optical monitor signal, and
causes the optical monitor signal to be output. In this case, the
optical output power of the optical amplifiers 111 and 121 of
the first station and the output of the optical monitor signal
remain stopped. Thus, the second station detects the loss of
signal (LOS) indicating a reduction in the optical input power
of the main signal and the reception format error signal
(Rx_Err) indicating the error of the monitor signal, and the
optical output power of the optical amplifiers 111 and 121 of
the second station remains stopped (in operation S1213).

Subsequent operations S1214 to S1221 are the same as
operations S1114 to S1121 illustrated in FIG. 11. Operations
S1214 to S1221 are the process from the recovery of the
communication of the upstream and downstream optical
monitor signals by the operation of the control information
transceiver 151 to the restoration to the normal operations.

The aforementioned example describes the operations to
be executed for the failure that occurs during the update of the
control program of the transmission device 100 of the second
station. As described above, even if a failure occurs in the
optical fiber 101 during the update of the control program of
the home station and the optical fiber 101 is restored, the
second APSD controllers 135 are switched to the original first
APSD controllers 152 after the restoration from the failure
and the completion of the activation of the updated control
program. Thus, the signal communication may be automati-
cally restored after the recovery from the failure.

Operations to be Executed if Failure Occurs in Optical Fiber
During Update of Program of Other Station

Next, operations that are executed if a failure occurs in the
optical fiber 101 during the update of the control program of
the transmission device 100 of the other station (first station)
are described. FIG. 13 is a sequence diagram illustrating a
state in which the failure of the downstream optical fiber 101
occurs when the controller 132 of the transmission device 100
of'the other station updates the control program. As illustrated
in FIG. 13, in the first and second stations, the second APSD
controllers 135 operate.

FIG. 14 is a sequence diagram illustrating a process of
detecting a failure of the downstream optical fiber 101 and
restoring signal communication in the state illustrated in FI1G.
13. First, the controller 132 of the first station receives the
control program to be updated from the MCU 133 (in opera-
tion S1401). When receiving a request to start the update from
the MCU 133, the controller 132 of the first station outputs the
update start signal (UPGRD_ACT=1) to the APSD switch
155 (in operation S1402). Then, the controller 132 of the first
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station transmits, to the second station, the signal
(UPGRD_ACT_Tx=1) indicating the start of the update of
the control program of the first station (in operation S1403).

Next, the second station receives the update start signal
(UPGRD_ACT_Rx=1) from the first station (in operation
S1404). After that, in the first and second stations, the con-
trollers 132 receive the update start signal, and whereby the
APSD switches 155 output the switch signal (APSD_
ACT=1) so as to switch the first APSD controllers 152 to the
second APSD controllers 135 (in operation S1405a¢ and
S14055).

After that, if the failure of the optical fiber 101 occurs, the
second station may cause the second APSD controller 135 to
stop the optical output power of the optical amplifiers 111 and
121 and stop outputting the optical monitor signal. In addi-
tion, the first station may detect the loss of signal (LOS)
indicating a reduction in the optical input power of the main
signal and the reception format error signal (Rx_Frr) indicat-
ing the error of the monitor signal due to the operation of the
second APSD controller 135 of the second station. Then, the
second APSD controller 135 of the first station may stop the
optical output power of the optical amplifier 121.

Then, the first station updates the control program (in
operation S1406). It is assumed that the failure occurs at the
location 501 in the downstream optical fiber 101 during the
update of the control program of the first station. Based on
this assumption, the second APSD controller 135 of the sec-
ond station detects the loss of signal (LOS) indicating a reduc-
tion in the optical input power of the main signal and the
reception format error signal (Rx_Err) indicating the error of
the monitor signal and determines the occurrence of the fail-
ure of the optical fiber 101 (in operation S1407). Then, the
second APSD controller 135 of the second station outputs the
SHUT signal to stop the optical output power of the optical
amplifiers 111 and 121 and outputs the OSC_SHUT signal to
stop the output of the optical monitor signal to the first station
(in operation S1408).

Then, the second APSD controller 135 of the first station
detects the loss of signal (LOS) indicating a reduction in the
optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal (in operation S1409). After that, the second APSD
controller 135 of the first station outputs the SHUT signal to
stop the optical output power of the optical amplifier 121 so as
not to cause the optical power to leak from the location 501
and outputs the OSC_SHUT signal to stop the output of the
optical monitor signal to the second station (in operation
S1410).

After that, when the activation of the updated control pro-
gram of'the first station is completed, the MCU 133 of the first
station outputs the update completion signal (UPGRD_
ACT=0) to the APSD switch 155 (in operation S1411). In the
first station, the APSD switch 155 that receives the update
completion signal outputs the switch signal (APSD_ACT=0)
and switches the second APSD controller 135 to the first
APSD controller 152 so as to restore the operation (in opera-
tion S1412).

When receiving the switch signal (APSD_ACT=0) from
the APSD switch 155, the second APSD controller 135 of the
first station outputs, to the second station, the output stop
cancellation signal (OSC_SHUT=0) indicating the cancella-
tion of the stop of the output of the optical monitor signal and
causes the optical monitor signal to be output. In this case,
since the second station stops the optical output power of the
optical amplifiers 111 and 121 and stops outputting the opti-
cal monitor signal, the first station detects the loss of signal
(LOS) indicating a reduction in the optical input power of the
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main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal while stopping
outputting the optical output power of the optical amplifier
121 (in operation S1413). In addition, the control information
transceiver 151 of the controller 132 of the first station oper-
ates and transmits, to the second station, the monitor signal
with the signal (UPGRD_ACT_Tx=0) indicating the comple-
tion of the update of the first station. Since the first station
detects the loss of signal (LOS) indicating the reduction in the
optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal, the first station transmits the APSD request signal
(APSD_Tx) to the second station (in operation S1414).

After that, when the downstream optical fiber 101 is recov-
ered from the failure, the optical monitor signal is communi-
cated from the first station to the second station, and the
reception of the reception format error signal (Rx_Err) indi-
cating the error of the monitor signal by the second station is
cancelled (recovery of the reception format in operation
S1415). Then, the second station receives the update comple-
tion signal (UPGRD_ACT_Rx=0) and the APSD request sig-
nal (APSD_RX) from the first station (in operation S1416).
Since the second station receives the update completion sig-
nal, the APSD switch 155 of the second station outputs the
switch signal (APSD_ACT=0) and switches the second
APSD controller 135 to the first APSD controller 152 so as to
restore the operation (in operation S1417). When receiving
the switch signal (APSD_ACT=0) from the APSD switch
155, the second APSD controller 135 of the second station
outputs, to the first station, the output stop cancellation signal
(OSC_SHUT=0) indicating the cancellation of the stop ofthe
output of the optical monitor signal, and the second station
outputs the optical monitor signal (in operation S1418).

Thus, the optical monitor signal is transmitted from the
second station to the first station. The first station cancels the
reception of the reception format error signal (Rx_Err) indi-
cating the error of the monitor signal (recovery of the recep-
tion format in operation S1419). In the first station, when the
reception format of the monitor signal is recovered from the
reception format error, the transmission of the APSD request
signal (APSD_Tx) from the first station to the second station
is cancelled, the output of the SHUT signal from the first
APSD controller 152 is cancelled, and the optical amplifier
121 of the first station operates so as to recover the down-
stream main signal (in operation S1420).

When the transmission of the APSD request signal
(APSD_Rx) from the first station to the second station is
cancelled, the output of the SHUT signal from the first APSD
controller 152 is cancelled and the optical amplifier 121 ofthe
second station operates so as to recover the upstream main
signal (in operation S1421). When the main signal is input to
the first and second stations through the optical fiber 101, the
optical amplifiers 111 and 121 operate and the first and sec-
ond stations are restored to the states before the occurrence of
the failure of the optical fiber 101.

As described above, when the controller 132 of the first
station does not operate due to the update of the control
program of the transmission device 100 of'the first station, the
first and second stations may handle the occurrence of a
failure of the downstream optical fiber 101. In this case, the
second APSD controller 135 that is switched by the APSD
switch 155 detects the failure of the optical fiber 101, stops the
optical output power of the optical amplifier 121, and is
switched to the original first APSD controller 152 after the
completion of the activation of the control program. Thus, the
signal communication is automatically restored after the
recovery from the failure.
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The case where the control program ofthe controller 132 of
the transmission device 100 of the first or second station is
updated during the time when the transmission device 100
operates is described above. The first embodiment, however,
is not limited to this. The first embodiment is applicable to the
case where the control programs of the controllers 132 of the
transmission devices 100 of the first and second stations are
updated. The second APSD controllers 135 of the first and
second stations operate, detect a failure of the optical fiber
101, stop the optical output power of the optical amplifiers
111 and 121 and the output of the optical monitor signal, and
are switched to the first APSD controllers 152 after the res-
toration from the failure and the completion of the activation
of'the control program. Thus, the signal communication may
be automatically restored after the recovery from the failure.

FIG. 15 is a flowchart of a process that is executed if a
failure occurs during the update of the control program
according to the first embodiment. FIG. 15 illustrates the
contents of the process that is executed for a time period from
the occurrence of the failure in the transmission device 100
illustrated in FIG. 1 to the stop of the optical power.

First, the controller 132 of the transmission device 100
receives the control program to be updated from the MCU
133 (in operation S1501). Next, the device monitor I/F 154 of
the controller 132 outputs the update start signal
(UPGRD_ACT=1) to the APSD switch 155 (in operation
S1502). Then, the controller 132 of the home station transmits
the optical monitor signal with the update start signal
(UPGRD_ACT_Tx=1) to the other station (in operation
S1503).

After that, the other station receives the update start signal
(UPGRD_ACT_Rx=1) (in operation S1504). In the first and
second stations, the APSD switches 155 output the switch
signal (APSD_ACT=1) so as to switch the operations from
the first APSD controllers 152 to the second APSD controllers
135 (in operation S1505). Then, the MCUs 133 update the
control programs (in operations S1506).

After that, the second APSD controller 135 determines
whether or not the optical fiber 101 for reception by the home
station is disconnected (in operation S1507). If the optical
fiber 101 for reception by the home station is disconnected
(Yes in operation S1507), the process proceeds to operation
S1508. If the optical fiber 101 for reception by the home
station is not disconnected (or the optical fiber 101 for trans-
mission to the other station is disconnected (No in operation
S1507)), the process proceeds to operation S1513.

The second APSD controller 135 of the home station
detects the loss of signal (LOS) indicating a reduction in the
optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal (in operation S1508). Thus, the second APSD con-
troller 135 stops the optical output power of the optical ampli-
fiers 111 and 121 and the output of the optical monitor signal
(in operation S1509).

Thus, the other station detects the loss of signal (LOS)
indicating a reduction in the optical input power of the main
signal and the reception format error signal (Rx_Frr) indicat-
ing the error of the monitor signal (in operation S1510). Then,
the other station stops the optical output power of the optical
amplifier 121 and stops outputting the optical monitor signal
to the home station (in operation S1511). After that, the con-
trol program is completely updated (in operation S1512).

The second APSD controller 135 determines whether or
not the optical fiber 101 for transmission to the other station is
disconnected (in operation S1513). If the optical fiber 101 for
transmission to the other station is disconnected (Yes in
operation S1513), the process proceeds to operation S1514. If
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the optical fiber 101 for transmission to the other station is not
disconnected (No in operation S1513), the process proceeds
to operation S1512.

The other station detects the loss of signal (LOS) indicating
a reduction in the optical input power of the main signal and
the reception format error signal (Rx_Err) indicating the error
of the monitor signal (in operation S1514). Thus, the other
station stops the optical output power of the optical amplifier
121 and stops outputting the optical monitor signal to the
home station (in operation S1515).

After that, the home station detects the loss of signal (LOS)
indicating a reduction in the optical input power of the main
signal and the reception format error signal (Rx_Frr) indicat-
ing the error of the monitor signal (in operation S1516). Thus,
the home station stops the optical output power of the optical
amplifiers 111 and 121 and stops outputting the optical moni-
tor signal to the other station (in operation S1517). After that,
the control program is completely updated (in operation
S1512).

FIG. 16 is a flowchart of a process that is executed after the
restoration from the failure according to the first embodiment.
FIG. 16 illustrates the process that is executed after the pro-
cess illustrated in FIG. 15. First, the controller 132 of the
home station informs the MCU 133 of the completion of the
activation of the control program (in operation S1601). Next,
the device monitor I/F 154 outputs the update completion
signal (UPGRD_ACT=0) to the APSD switch 155 (in opera-
tion S1602).

Then, the APSD switch 155 of the home station outputs the
switch signal (APSD_ACT=0) and switches the second
APSD controller 135 to the first APSD controller 152 so as to
restore the operation (in operation S1603). Thus, the home
station starts outputting the optical monitor signal to the sec-
ond station. In this case, the optical output power of the
optical amplifier 121 remains stopped (in operation S1604).
After that, the home station transmits the update completion
signal (UPGRD_ACT_Tx=0) and the APSD request signal
(APSD_Tx) to the other station (in operation S1605).

After that, the home station determines whether or not the
optical fiber 101 for transmission to the other station is con-
nected (in operation S1606). If the optical fiber 101 for trans-
mission to the other station is not connected (No in operation
S1606), the process returns to operation S1605. If the optical
fiber 101 for transmission to the other station is connected
(Yes in operation S1606), the process proceeds to operation
S1607.

The reception format of the monitor signal of the other
station is recovered (in operation S1607). Thus, the other
station receives the update completion signal (UPGRD_
ACT_Rx=0) and the APSD request signal (APSD_Rx) (in
operation S1608). In the other station, the APSD switch 155
outputs the switch signal (APSD_ACT=0) and switches the
second APSD controller 135 to the first APSD controller 152
s0 as to restore the operation (in operation S1609). Thus, the
other station starts outputting the optical monitor signal, and
the optical output power of the optical amplifier 121 remains
stopped (in operation S1610).

After that, the home station determines whether or not the
optical fiber 101 for reception by the home station is con-
nected (in operation S1611). If the optical fiber 101 for recep-
tion by the home station is not connected (No in operation
S1611), the process returns to operation S1610. If the optical
fiber 101 for reception by the home station is connected (Yes
in operation S1611), the process proceeds to operation
S1612.

The reception format of the monitor signal of the home
station is recovered (in operation S1612). Thus, the home
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station cancels transmission of the APSD request signal
(APSD_Tx) to the other station and starts outputting the main
signal to the other station (in operation S1613). Thus, the
other station cancels the reception of the APSD request signal
(APSD_Rx) and starts outputting the main signal to the home
station (in operation S1614).

In the aforementioned first embodiment, the APSD switch
155 switches the first APSD controller 152 to the second
APSD controller 135 during the update of the control pro-
gram of the controller 132. Thus, the optical output power of
the optical amplifiers 111 and 121 is quickly stopped upon the
occurrence of a failure of the optical fiber 101, and the APSD
switch 155 switches the second APSD controller 135 to the
first APSD controller 152 so as to restore the operation after
the restoration from the failure and the completion of the
activation of the control program, and the signal communi-
cation may be automatically restored.

Second Embodiment

FIG. 17 is a block diagram illustrating the transmission
device according to the second embodiment. In the second
embodiment, the control program is updated without using
the update start signal (UPGRD_ACT, UPGRD_ACT_Rx)
indicating the start of the update of the control signal. Even if
the control program is not executed due to an abnormality of
the controller 132, the APSD control and the automatic res-
toration may be achieved in the same manner as the first
embodiment.

The transmission device 100 illustrated in FIG. 17 includes
the receiving unit 102, the transmitting unit 103, and the
device control unit 104 in the same manner as the first
embodiment (FIG. 1). In the second embodiment, the con-
troller 132 of the device control unit 104 includes a pulse
output unit 1701 as an error notifying unit that provides a
notification that indicates that the controller 132 does not
operate. When the controller 132 normally operates, the pulse
output unit 1701 outputs a pulse (Pulse) with 1 ms cycle.

FIG. 18 is a diagram illustrating an example of an internal
configuration of the first APSD controller. The first APSD
controller 152 has the same configuration as described in FIG.
2 and operates on the basis of an output of an OR circuit 1801,
while the output of the OR circuit 1801 is a logical sum of the
switch signal (APSD_ACT) output from the APSD switch
155 and the pulse output from the pulse output unit 1701. If
the pulse output unit 1701 continues to output the pulse, the
first APSD controller 152 determines that the controller 132
normally operates, and the first APSD controller 152 contin-
ues to operate. When the APSD switch 155 outputs the switch
signal (APSD_ACT=1) or the output of the pulse from the
pulse output unit 1701 is stopped, the first APSD controller
152 stops operating (and the operation of the first APSD
controller 152 is switched to the second APSD controller
135).

The first APSD controller 152 detects the occurrence of a
failure ofthe optical fiber 101 on the basis of the loss of signal
indicating a reduction in the optical input power of the main
signal and the format error signal (Rx_Frr) indicating the
error, detected by the framer 131, of the received signal. If
detecting the occurrence of the failure of the optical fiber 101
orreceiving the APSD request signal (APSD_Rx) through the
optical monitor signal, the first APSD controller 152 outputs
the SHUT signal to request the optical amplifiers 111 and 121
to stop the optical output power. If detecting the occurrence of
the failure of the optical fiber 101, the first APSD controller
152 transmits the APSD request signal (APSD_Tx) to the
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other station in order to inhibit the optical output power from
leaking from the transmission device 100 of the other station.

FIG. 19 is a diagram illustrating an internal configuration
of the second APSD controller. A signal to be input to the
AND circuit 402 is different for the second APSD controller
135 and the second APSD controller 135 illustrated in FIG. 4
and described in the first embodiment. The pulse output from
the pulse output unit 1701 is input to the AND circuit 402
instead of the switch signal (APSD_ACT) output from the
APSD switch 155.

Thus, if the output of the pulse from the pulse output unit
1701 does not continue, the operation of the first APSD con-
troller 152 is stopped and the second APSD controller 135
operates.

If the output of the pulse from the pulse output unit 1701
does not continue, the second APSD controller 135 illustrated
in FIG. 19 detects the loss of signal (LOS) indicating a reduc-
tion in the optical input power of the main signal and the
reception format error signal (Rx_Frr) indicating the error,
detected by the framer 131, of the received signal in the same
manner as the first embodiment (FIG. 4). In this case, the
second APSD controller 135 outputs the SHUT signal to stop
the optical output power of the optical amplifiers 111 and 121
and the OSC_SHUT signal to stop the output of the optical
monitor signal.

If the controller 132 does not normally operate due to the
update of the control program or an abnormal operation of the
controller 132, the control information transceiver 151 that
generates the control information to be transmitted with the
monitor signal does not operate, and whereby data that does
not indicate the control information is transmitted to the other
station. Thus, the other station may detect, on the basis of the
received data, that the controller 132 of the station that trans-
mits the monitor signal does not normally operate.

If the control information transceiver 151 determines that
the controller 132 of the other station that transmits the moni-
tor signal does not operate, the control information trans-
ceiver 151 outputs, to the pulse output unit 1701, a signal
(ContErr) that indicates that the controller 132 of the other
station is out of order. When receiving the signal (ContErr)
indicating that the other station is out of order, the pulse
output circuit 1701 stops operating. Thus, the first APSD
controller 152 stops operating and is switched to the second
APSD controller 135.

If the controller 132 does not operate, the second APSD
controllers 135 that are included in the transmission devices
100 of the stations (home station and other station) operate.
The home station and the other station are located on both
sides of the optical fiber 101 through which the monitor signal
is transmitted and received. If a failure occurs in the optical
fiber 101, the second APSD controller 135 of the home station
detects the loss of signal indicating a reduction in the optical
input power of the main signal and the reception format error
signal indicating the error of the monitor signal and stops the
optical output power of the optical amplifiers 111 and 121 and
the output of the optical monitor signal. The other station
detects the loss of signal indicating a reduction in the optical
input power of the main signal and the reception format error
signal indicating the error of the monitor signal. In the trans-
mission device 100 of the other station, the second APSD
controller 135 operates and may detect the loss of signal
indicating a reduction in the optical input power of the main
signal and the reception format error indicating the error of
the monitor signal and stop the optical output power of the
optical amplifier 121.

For example, when the controller 132 completes the update
of'the control program and activates the control program, the
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output of the pulse output unit 1701 is restarted, and the
second APSD controller 135 is switched to the first APSD
controller 152. When the MCU 133 that monitors whether or
not the control of the controller 132 is normal detects the
update of the control program, the MCU 133 resets the con-
troller 132 and restores the control program. Thus, when the
controller 132 is activated, the output of the pulse from the
pulse output unit 1701 is restarted, and the second APSD
controller 135 is switched to the first APSD controller 152.

When the control program is executed and the second
APSD controller 135 detects the output of the periodic pulse,
the second APSD controller 135 outputs the signal (OSC_
SHUT=0) indicating the cancellation of the stop of the output
of the optical monitor signal and causes the optical monitor
signal to be output. In this case, the control of stopping the
optical output power of the optical amplifier 121 is transferred
to the first APSD controller 152. Thus, if the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal continue to be out-
put, the first APSD controller 152 outputs the signal
(SHUT=1) to stop the optical output power of the optical
amplifiers 111 and 121. When the control program is restored,
the first APSD controller 152 outputs the signal (SHUT=0)
that indicates the cancellation of the stop of the optical output
power of the optical amplifiers 111 and 121.

When the restoration of the control program of the control-
ler 132 is completed, the operation of the control information
transceiver 151 is recovered and the control information
transceiver 151 transmits the monitor signal including the
control information to the other station. The other station
determines, on the basis of the received control information,
that the controller 132 of the station that transmits the monitor
signal is restored, and the other station (opposing station)
cancels the signal (ContErr) that is to be output to the pulse
output unit 1701 and indicates that the controller 132 of the
opposing station is out of order. When the signal (ContErr)
that indicates that the controller 132 of the opposing station is
out of order is cancelled, the pulse output unit 1701 restarts
outputting the pulse so as to cause the first APSD controller
152 to operate.

The first APSD controller 152 receives the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal from the optical amplifier 121, the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal from the framer 131, and the logical signal of the
signal (SHUT) to stop the optical output power of the optical
amplifiers 111 and 121. In addition, the control information
transceiver 151 that processes the control information of the
monitor signal transmits and receives the APSD request sig-
nal (APSD_Rx, APSD_Tx) to and from the first APSD con-
troller 152. Thus, the first APSD controller 152 has an
advanced control function. The second APSD controller 135
only receives the loss of signal (LOS), the reception format
error signal (Rx_Err), and the periodic pulse signal, outputs
the SHUT signal to the optical amplifiers 111 and 121, and
outputs, to the optical monitor signal transmitter 122, the
signal (OSC_SHUT) that is the logical signal. Thus, the sec-
ond APSD controller 135 may be configured with an inex-
pensive and simple logical circuit.

Example of Operations to be Executed if Failure Occurs in
Optical Fiber During Out-of-Order State of Home Station

Next, the second embodiment describes operations that are
executed if a failure occurs in the optical fiber 101 during the
time when the control program of the transmission device 100
of'the home station (second station) is not executed (or is out
of order). FIG. 20 is a sequence diagram illustrating an
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example of operations of the home station and operations of
the other station if the failure occurs during the time when the
home station is out of order. The following process is
described below: a process of detecting a failure of the down-
stream optical fiber 101 during the update of the control
program of the controller 132 of the transmission device 100
of the home station (second station) or the occurrence of an
abnormality of the control of the controller 132 and restoring
the signal communication.

First, the controller 132 of the transmission device 100 of
the home station (second station) stops operating due to the
update of the program or an abnormality of the control of the
controller 132 (in operation S2001), and whereby the control
information transceiver 151 of the second station may not
operate. Thus, the first station detects that data received from
the second station is abnormal and that the second station
(controller 132) is out of order (in operation S2002). In the
second station, the output of the pulse output unit 1701
becomes abnormal due to the out-of-order state of the con-
troller 132, and the first APSD controller 152 is switched to
the second APSD controller 135 (in operation S2003a). The
first station determines the out-of-order state of the controller
132 of the second station, stops the pulse output unit 1701,
and switches the first APSD controller 152 to the second
APSD controller 135 (in operation S20035).

It is assumed that when the controller 132 of the second
station is out of order, the failure occurs in the downstream
optical fiber 101. Based on this assumption, the second APSD
controller 135 of the second station detects the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal and determines the
occurrence of the failure of the optical fiber 101 (in operation
S2004). Then, the second APSD controller 135 of the second
station outputs the SHUT signal to stop the optical output
power of the optical amplifiers 111 and 121 and outputs the
OSC_SHUT signal to stop the output of the optical monitor
signal to the first station (in operation S2005).

Thus, the second APSD controller of the first station
detects the loss of signal (LOS) indicating a reduction in the
optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal (in operation S2006). Then, the second APSD con-
troller 135 of the first station outputs the SHUT signal to stop
the optical output power of the optical amplifier 121 so as not
to cause the optical power to leak from the location 501 of the
optical fiber 101 and outputs the OSC_SHUT signal to stop
the output of the optical monitor signal to the second station
(in operation S2007).

In the second station in which the controller 132 is out of
order, when the update of the control program is completed or
the MCU 133 resets the controller 132 so as to restore the
controller 132 and the activation of the control program is
completed, the pulse output unit 1701 and control informa-
tion transceiver 151 of the controller 132 start operating (in
operation S2008). When the second APSD controller 135 of
the second station detects the normal operation of the pulse
output unit 1701 of the controller 132 of the second station,
the second APSD controller 135 is switched to the first APSD
controller 152 (in operation S2009).

After detecting the normal operation of the pulse output
unit 1701, the second APSD controller 135 of the second
station outputs, to the first station, the signal (OSC_SHUT=0)
to cancel the stop of the output of the optical monitor signal
and causes the optical monitor signal to be output. In this case,
the optical fiber 101 is yet to be restored from the failure, and
whereby the second APSD controller 135 of the second sta-
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tion detects the loss of signal (LLOS) indicating a reduction in
the optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal, and the output of the optical power from the optical
amplifier 121 remains stopped (in operation S2010). Since
the second station detects the loss of signal (LOS) indicating
a reduction in the optical input power of the main signal and
the reception format error signal (Rx_Err) indicating the error
of the monitor signal, the second station transmits the APSD
request signal (APSD_Tx) to the first station (in operation
S2011).

Since the upstream optical monitor signal is communi-
cated, the first station cancels the reception format error sig-
nal (Rx_Err) indicating the error of the received monitor
signal (recovery of the reception format in operation S2012).
Then, the first station detects the restoration of the control of
the second station and receives the APSD request signal
(APSD_Rx) (in operation S2013). The first station restarts the
operation of the pulse output unit 1701 and switches the
second APSD controller 135 to the first APSD controller 152
by detecting the restoration of the control of the second sta-
tion (in operation S2014). In addition, the second APSD
controller 135 of the first station detects the normal operation
of the pulse output unit 1701, outputs, to the second station,
the signal (OSC_SHUT=0) to cancel the stop of the output of
the optical monitor signal, and causes the optical monitor
signal to be output (in operation S2015).

When the downstream optical fiber 101 is recovered from
the failure, the downstream optical monitor signal is commu-
nicated and the second station cancels the reception format
error signal (Rx_Err) indicating the error of the monitor sig-
nal (recovery of the reception format in operation S2016).
Then, the second station cancels transmission of the APSD
request signal (APSD_Tx) to the first station and starts out-
putting the main signal to the first station (in operation
S2017). The first station cancels reception of the APSD
request signal (APSD_Rx) from the second station and starts
outputting the main signal to the second station (in operation
S2018).

Example of Operations to be Executed if Failure Occurs in
Optical Fiber During Out-of-Order State of Other Station

Next, the second embodiment describes operations that are
executed if a failure occurs in the optical fiber 101 during the
time when the control program of the transmission device 100
of the other station (first station) is not executed (or is out of
order). FIG. 21 is a sequence diagram illustrating an example
of operations of the home station and other station if a failure
occurs in the optical fiber 101 during the time when the other
station is out of order. The following process is described: a
process of detecting a failure of the downstream optical fail-
ure 101 upon the update of the control program of the con-
troller 132 of the transmission device 100 of the other station
(first station) or an abnormality of the control of the controller
132 and restoring the signal communication.

First, when the controller 132 of the transmission device
100 of the other station (first station) does not operate due to
the update of the control program or an abnormality of the
control of the controller 132 (in operation S2101), the control
information transceiver 151 of the controller 132 of the first
station does not operate. Thus, if the second station detects
that data received from the first station is abnormal, the sec-
ond station determines that the controller 132 of the first
station is out of order (in operation S2102). Then, the output
of the pulse output unit 1701 of the first station is abnormal
due to the out-of-order state of the controller 132, and the first
station switches the first APSD controller 152 to the second
APSD controller 135 (in operation S21035). The second sta-
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tion determines that the controller 132 of the first station is out
of order, and the second station stops the pulse output unit
1701 and switches the first APSD controller 152 to the second
APSD controller 135 (in operation S2103a).

Itis assumed that a failure occurs in the downstream optical
fiber 101 during the out-of-order state of the controller 132 of
the first station. Based on this assumption, the second APSD
controller 135 of the second station detects the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal and detects the
occurrence of the failure of the optical fiber 101 (in operation
S2104). Then, the second APSD controller 135 of the first
station outputs the SHUT signal to stop the optical output
power of the optical amplifiers 111 and 121 and outputs the
OSC_SHUT signal to stop the output of the optical monitor
signal to the first station (in operation S2105).

Then, the second APSD controller 135 of the first station
detects the loss of signal (LOS) indicating a reduction in the
optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal (in operation S2106). After that, the second APSD
controller 135 of the first station outputs the SHUT signal to
stop the output of the optical amplifier 121 in order to inhibit
the optical power from leaking from the failure location 501
of'the optical fiber 101 and outputs the OSC_SHUT signal to
stop the output of the optical monitor signal to the second
station (in operation S2107).

In the first station in which the controller 132 is out of
order, when the control program is completely activated after
the update of the control program is completed or the con-
troller 132 is reset and restored by the MCU 133, the pulse
output unit 1701 and the control information transceiver 1151
that are included in the controller 132 of the first station start
operating (in operation S2108). When the second APSD con-
troller 135 detects the normal operation of the pulse output
unit 1701 of the controller 132 of the first station, the second
APSD controller 135 is switched to the first APSD controller
152 (in operation S2109).

When detecting the normal operation of the pulse output
unit 1701, the second APSD controller 135 of the first station
outputs, to the second station, the signal (OCS_SHUT=0) to
cancel the stop of the output of the optical monitor signal and
causes the optical monitor signal to be output. In this case, the
optical output power of the optical amplifier 121 ofthe second
station and the output of the optical monitor signal remain
stopped, and whereby the second APSD controller 135 of the
first station detects the loss of signal (LOS) indicating a
reduction in the optical input power of the main signal and the
reception format error signal (Rx_Err) indicating the error of
the monitor signal, and the output of the optical power from
the optical amplifier 121 remains stopped (in operation
S2110). Since the loss of signal (LOS) indicating a reduction
in the optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal are detected by the first station, the second APSD
controller 135 of the first station transmits the APSD request
signal (APSD_Tx)to the second station (in operation S2111).

When the downstream optical fiber 101 is recovered from
the failure, the optical monitor signal is communicated from
the first station to the second station. Thus, the second station
cancels the reception format error signal (Rx_Frr) indicating
the error of the monitor signal (recovery of the reception
format in operation S2112). Thus, the second station detects
the restoration of the control of the first station and receives
the APSD request signal (APSD_Rx) (in operation S2113).
Then, the second station restarts the operation of the pulse
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output unit 1701 and switches the second APSD controller
135 to the first APSD controller 152 by detecting the resto-
ration of the control of the first station (in operation S2114).

When detecting the normal operation of the pulse output
unit 1701, the second APSD controller 135 of the second
station outputs, to the first station, the signal (OSC_SHUT=0)
to cancel the stop of the output of the optical monitor signal
and causes the optical monitor signal to be output (in opera-
tion S2115). Since the upstream optical monitor signal is
communicated, the first station cancels the reception format
error signal (Rx_Err) indicating the error of the monitor sig-
nal (recovery of the reception format in operation in S2116).
Then, the first station cancels the transmission of the APSD
request signal (APSD_Tx) to the second station and starts
outputting the main signal to the second station (in operation
S2117). The second station cancels the reception of the APSD
request signal (APSD_Rx) from the first station and starts
outputting the main signal to the first station (in operation
S2118).

FIG. 22 is a flowchart of a process that is executed if a
failure occurs during the out-of-order state of the controller
according to the second embodiment. FIG. 22 illustrates the
contents of the process that is executed by the transmission
device 100 (illustrated in F1G. 17) of the home station (second
station) for a time period from the occurrence of the failure to
the stop of the optical power.

When the controller 132 of the transmission device 100 of
the first station (second station) becomes out of order (in
operation S2201), the other station (first station) detects the
out-of-order state of the home station (second station) (in
operation S2202). Thus, in each of the home station and the
other station, the APSD switch 155 outputs the switch signal
(APSD_ACT=1) so as to switch the operation from the first
APSD controller 152 arranged in the controller 132 to the
second APSD controller 135 arranged outside the controller
132 (in operation S2203).

After that, the second APSD controller 135 determines
whether or not the optical fiber 101 for reception by the home
station is disconnected (in operation S2204). If the optical
fiber 101 for reception by the home station is disconnected
(Yes in operation S2204), the process proceeds to operation
S2205. If the optical fiber 101 for reception by the home
station is not disconnected (No in operation S2204), the pro-
cess proceeds to operation S2210.

The second APSD controller 135 of the home station
detects the loss of signal (LOS) indicating a reduction in the
optical input power of the main signal and the reception
format error signal (Rx_Frr) indicating the error of the moni-
tor signal (in operation S2205). Thus, the second APSD con-
troller 135 stops the optical output power of the optical ampli-
fiers 111 and 121 and causes the optical monitor signal to be
output (in operation S2206).

Thus, the other station detects the loss of signal (LOS)
indicating a reduction in the optical input power of the main
signal and the reception format error signal (Rx_Frr) indicat-
ing the error of the monitor signal (in operation S2207). Then,
the other station stops the optical output power of the optical
amplifier 121 and stops outputting the optical monitor signal
to the home station (in operation S2208). After that, the
update of the control program is completed or the MCU 133
resets the controller 132 (in operation S2209).

The second APSD controller 135 determines whether or
not the optical fiber 101 for transmission to the other station is
disconnected (in operation S2210). If the optical fiber 101 for
transmission to the other station is disconnected (Yes in
operation S2210), the process proceeds to operation S2211. If
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the optical fiber 101 for transmission to the other station is not
disconnected (No in operation S2210), the process proceeds
to operation S2209.

The second APSD controller 135 detects the loss of signal
(LOS) indicating a reduction in the optical input power of the
main signal and the reception format error signal (Rx_Err)
indicating the error of the monitor signal (in operation
S2211). Thus, the other station stops the optical output power
of the optical amplifier 121 and stops outputting the optical
monitor signal to the home station (in operation S2212).

After that, the home station detects the loss of signal (LOS)
indicating a reduction in the optical input power of the main
signal and the reception format error signal (Rx_Frr) indicat-
ing the error of the monitor signal (in operation S2213). Thus,
the home station stops the optical output power of the optical
amplifiers 111 and 121 and stops outputting the optical moni-
tor signal to the other station (in operation S2214). After that,
the update of the control program is completed or the MCU
133 resets the controller 132 (in operation S2209).

FIG. 23 is a flowchart of a process that is executed after the
restoration from the failure according to the second embodi-
ment. FIG. 23 illustrates the process that is executed after the
process illustrated in FIG. 22. First, the controller 132 of the
home station completes the activation of the control program,
and the pulse output unit 1701 and control information trans-
ceiver 151 of the controller 132 of the home station start
operating (in operation S2301). Then, the APSD switch 155
of the home station detects the normal output of the pulse
output unit 1701 and outputs the switch signal (APSD_
ACT=0)so0 asto switch the second APSD controller 135 to the
first APSD controller 152 and restore the operation (in opera-
tion S2302). Thus, the home station starts outputting the
optical monitor signal to the other station, while the optical
output power of the optical amplifier 121 remains stopped (in
operation S2303). After that, the home station transmits the
APSD request signal (APSD_Tx) to the other station (in
operation S2304).

After that, the home station determines whether or not the
optical fiber 101 for transmission to the other station is con-
nected (in operation S2305). If the optical fiber 101 for trans-
mission to the other station is not connected (No in operation
S2305), the process returns to operation S2304. If the optical
fiber 101 for transmission to the other station is connected
(Yes in operation S2305), the process proceeds to operation
S2306.

The reception format of the monitor signal of the other
station is recovered (in operation S2306). Thus, the other
station detects the restoration of the control of the home
station and receives the APSD request signal (APSD_Rx) (in
operation S2307). Then, the other station detects the output
from the restarted pulse output unit 1701, and the APSD
switch 155 of the other station outputs the switch signal
(APSD_ACT=0) so as to switch the second APSD controller
135 to the first APSD controller 152 and restore the operation
(in operation S2308). Thus, the other station starts outputting
the optical monitor signal, and the optical output power of the
optical amplifier 121 remains stopped (in operation S2309).

After that, the home station determines whether or not the
optical fiber 101 for reception by the home station is con-
nected (in operation S2310). If the optical fiber 101 for recep-
tion by the home station is not connected (No in operation
S2310), the process returns to operation S2309. If the optical
fiber 101 for reception by the home station is connected (Yes
in operation S2310), the process proceeds to operation
S2311.

The reception format of the monitor signal of the home
station is recovered (in operation S2311). Thus, the home
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station cancels transmission of the APSD request signal
(APSD_Tx) to the other station and starts outputting the main
signal to the other station (in operation S2312). Thus, the
other station cancels the reception of the APSD request signal
(APSD_Rx) and starts outputting the main signal to the home
station (in operation S2313).

In the aforementioned second embodiment, even when the
control program is not executed due to the update of the
control program or an abnormality of the control of the con-
troller 132, the APSD controllers 135 and 152 are switched by
the signal that indicates the out-of-order state of the controller
132. Thus, if a failure occurs in the optical fiber 101 when the
first APSD controller 152 does not operate due to the out-of-
order state of the controller 132, the first APSD controller 152
is switched to the second APSD controller 135. Thus, the
output of the high optical power from the optical amplifiers
111 and 121 to the optical fiber 101 may be stopped, and
whereby the optical power may be inhibited from leaking
from the failure location 501. In addition, the signal commu-
nication may be automatically restored from the failure by
switching the second APSD controller 135 to the original first
APSD controller 152 after the restoration from the failure and
the completion of the activation of the control program. Thus,
the signal communication may be automatically restored in a
safe manner without a cumbersome task by an operator.

In the aforementioned first and second embodiments, the
amplification controllers 176 that are included in the optical
amplifiers 111 and 121 compare the optical input power of the
main signal with given optical power such as power detected
upon a disconnection such as a disconnection of the optical
fiber 101 and output the loss of signal (LOS) indicating a
reduction in the optical input power of the main signal. How-
ever, the amplification controllers 176 may not compare the
optical power upon the update of control programs of the
amplification controllers 176. Thus, for the comparison of the
optical power, voltages of the optical power that are moni-
tored by the optical input monitors 171 are compared with a
reference voltage corresponding to the given optical power
such as power detected upon a disconnection of the optical
fiber 101. If the monitored voltages are smaller than the
reference voltage, comparators that output logical signals or
the like may be arranged outside the amplification controllers
176.

Third Embodiment

FIG. 24 is a block diagram illustrating the transmission
device according to the third embodiment. The transmission
device 300 according to the third embodiment is configured
by adding a Raman amplifier 2401 as an optical amplifier to
the configuration (illustrated in FIG. 1) according to the first
embodiment. The Raman amplifier 2401 is arranged on the
optical transmission path (optical fiber 101). The Raman
amplifier 2401 may be integrated with the transmission
device 100 or separated from the transmission device 100.

The Raman amplifier 2401 includes a Raman amplification
controller 2402, a Raman amplification LD driver 2403, a
laser diode (LD) 2404, and a multiplexer 2405. In the example
illustrated in FIG. 24, backward pumping is executed. For-
ward pumping may be executed, or a combination of the
backward pumping and the forward pumping may be
executed. The SHUT signal to stop the optical output power is
input to the Raman amplification controller 2402 from the
controller 132. Thus, the Raman amplifier 2401 and the opti-
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cal amplifiers 111 and 121 may be synchronized with each
other and control the optical output power in the same manner
as the first embodiment.

Fourth Embodiment

FIG. 25 is a block diagram illustrating the transmission
device according to the fourth embodiment. The transmission
device 100 according to the fourth embodiment is configured
by adding the Raman amplifier 2401 to the configuration
(illustrated in FIG. 17) according to the second embodiment.
The Raman amplifier 2401 is arranged on the optical trans-
mission path (optical fiber 101). In the fourth embodiment,
the Raman amplifier 2401 and the optical amplifiers 111 and
121 may be synchronized with each other and control the
optical output power.

In the third and fourth embodiments, the Raman amplifier
2401 may be arranged without the optical amplifiers 111 and
121.

In each of the first to fourth embodiments, the transmission
device 100 may has a function of automatically shutting down
the optical power on the basis of a failure. The transmission
device 100 that has this function includes the first APSD
controller 152 and the second APSD controller 135. The first
APSD controller 152 operates during the normal operation.
The second APSD controller 135 operates when the control-
ler 132 does not operate due to the update of the control
program or an abnormality of the control during the time
when the transmission device 100 operates. When detecting a
failure of the optical fiber 101, the first APSD controller 152
outputs the signal to request the stop of the optical output
power of the optical amplifiers 111 and 121 to the monitor
signal. When a failure of the optical fiber 101 is detected or the
signal to request the stop of the optical output power of the
optical amplifiers 111 and 121 is received through the moni-
tor signal, the optical output power of the optical amplifiers
111 and 121 is stopped. When detecting a failure of the optical
fiber 101, the second APSD controller 135 stops the optical
output power of the optical amplifiers 111 and 121 and the
output of the optical monitor signal.

During the update of the control program of the controller
132, the APSD request signal is not transmitted and received
using the monitor signal and the first APSD controller 152
does not execute the APSD control. Thus, when the control
program of the controller 132 starts to be updated, the first
APSD controller 152 is switched to the second APSD con-
troller 135. Then, the home station transmits the monitor
signal with the signal indicating the start of the update of the
control program of the controller 132 to the transmission
device 100 of the other station and causes the other station to
switch the first APSD controller 152 of the other station to the
second APSD controller 135 of the other station.

When the controller 132 becomes out of order due to the
update of the control program or an abnormality of the con-
trol, the APSD request signal is not transmitted and received
using the monitor signal, and the first APSD controller 152
does not execute the APSD control. Thus, when the out-of-
order state of the controller 132 is detected, the first APSD
controller 152 is switched to the second APSD controller 135.
In addition, when the out-of-order state of the controller 132
of the other station is detected, the first APSD controller 152
is switched to the second APSD controller 135 by detecting an
abnormality of the control information received from the
monitor signal.

When the controller 143 does not operate due to the update
of'the control program or an abnormality of the control during
the time when the transmission device 100 operates, and a
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failure of the optical fiber 101 is detected, the second APSD
controllers 135 operate in the transmission devices 100 that
oppose each other. Thus, the transmission devices 100 stop
the optical output power and stop outputting the optical moni-
tor signal. Thus, the leakage of the optical signal from a
failure location may be immediately stopped. In addition, the
signal communication may be automatically restored from
the failure by switching to the first APSD controllers 152 after
the restoration from the failure and the activation of the con-
trol program. Thus, the signal communication may be auto-
matically restored from the failure in a safe manner without a
cumbersome task by an operator, and the security of the
transmission devices 100 and the efficiency of maintenance
may be improved.

The control program described in the aforementioned
embodiments may be achieved by causing a computer to
execute a prepared program. In addition, the prepared pro-
gram is stored in a computer-readable recording medium
such as a hard disk, a flexible disk, a CD-ROM, an MO, or a
DVD. The program is read from the recording medium and
thereby executed. The program may be distributed through a
network such as the Internet.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A transmission device comprising:

an optical amplifier configured to amplify an optical main
signal to be transmitted on an optical transmission path;

a first controller configured to stop output of the optical
amplifier and output of an optical monitor signal to be
transmitted on the optical transmission path when a fail-
ure of the optical transmission path is detected;

a second controller configured to be switched from the first
controller and configured to operate and stop the output
of the optical amplifier and the output of the optical
monitor signal when the failure of the optical transmis-
sion path is detected;

an optical monitor signal transceiver configured to transmit
and receive the optical monitor signal including control
information; and

a switch configured to switch an operation from the first
controller to the second controller, based on information
of the failure of the optical transmission path based on
the states of transmission and reception of the optical
monitor signal.

2. The transmission device according to claim 1, wherein
the first controller requests, based on the control information,
to stop outputting the optical main signal of the transmission
device of other station when the failure of the optical trans-
mission path is detected.

3. The transmission device according to claim 1, wherein
when an optical power of the optical main signal is smaller
than a specific optical power and a data format of the control
information included in the optical monitor signal is abnor-
mal, the first controller and the second controller determine
the failure of the optical transmission path.
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4. The transmission device according to claim 1, further
comprising:

a memory configured to store a control program of the first

controller; and

aprocessor configured to update the control program of the

first controller,

wherein the switch switches the operation from the first

controller to the second controller when an update of the
control program is started, and

wherein the control information that includes information

indicating a start of an update of the control program is
transmitted to the transmission device of other station.

5. The transmission device according to claim 4,

wherein the switch switches the operation from the second

controller to the first controller when the update of the
control program is completed, and

wherein the control information that includes information

indicating a completion of the update of the control
program is transmitted to the transmission device of
other station.

6. The transmission device according to claim 4, wherein
the switch switches the operation from the first controller to
the second controller, based on information that indicates the
start of the update of a control program of the transmission
device of other station and is included in the control informa-
tion received from the transmission device of other station.

7. The transmission device according to claim 6, wherein
the switch switches the operation from the second controller
to the first controller, based on information that indicates the
completion of the update of the control program of the trans-
mission device of other station and is included in the control
information received from the transmission device of other
station.

8. The transmission device according to claim 1, wherein
the switch switches the operation from the first controller to
the second controller upon an abnormality of'the first control-
ler, and transmits, to the transmission device of other station,
the control information that includes information indicating
the operational abnormality of the transmission device of a
home station.

9. The transmission device according to claim 8, wherein
the switch outputs a periodic pulse during a normal operation
and switches between the first controller and the second con-
troller, based on whether or not an output state of the pulse is
normal.

10. The transmission device according to claim 8, wherein
the switch switches the operation from the first controller to
the second controller, based on information that indicates an
operational abnormality of a first controller of the transmis-
sion device of other station and is included in the control
information received from the transmission device of other
station.

11. The transmission device according to claim 8, wherein
the switch switches the operation from the second controller
to the first controller on the basis of information that indicates
anormal recovery of an operational state of the first controller
of the transmission device of other station and is included in
the control information received from the transmission device
of other station.

12. The transmission device according to claim 1, wherein
the optical amplifier is an erbium doped fiber amplifier.

13. The transmission device according to claim 1, wherein
the optical amplifier is a Raman amplifier.

14. A transmission system comprising:

a transmission device of a first station; and

a transmission device of a second station
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wherein the transmission devices are arranged adjacent to

each other on an optical transmission path,

wherein each of the transmission devices includes:

an optical amplifier configured to amplify an optical
main signal to be transmitted on an optical transmis- 5
sion path;

a first controller configured to stop output of the optical
amplifier and output of an optical monitor signal to be
transmitted on the optical transmission path when a
failure of the optical transmission path is detected; 10

a second controller configured to be switched from the
first controller and configured to operate and stop the
output of the optical amplifier and the output of the
optical monitor signal when the failure of the optical
transmission path is detected; 15

an optical monitor signal transceiver configured to trans-
mit and receive the optical monitor signal including
control information; and

a switch configured to switch an operation from the first
controller to the second controller, based on informa- 20
tion of the failure of the optical transmission path
based on the states of transmission and reception of
the optical monitor signal.

15. The transmission system according to claim 14,
wherein the first controller requests, based on the control 25
information, to stop outputting the optical main signal of the
transmission device of other station when the failure of the
optical transmission path is detected.
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